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The  Environmental  Research  Institute  of  Michigan  (ERIM)  has  been 
collecting  infrared  imagery  with  its  airborne  scanner  for  several  years. 
Recently,  ERIM  has  been  analyzing  various  backgrounds  for  the  Optica], 
Signatures  Program  to  derive  a  variety  of  statistical  measures  of  interest 
to  the  designers  and  users  of  infrared  systems.  This  handbook  contains 
a  summary  of  the  backgrounds  analyzed  to  date  as  part  of  this  effort. 

Most  of  the  backgrounds  represented  in  this  handbook  were  imaged  on  a 
more-or-less  convenience  basis,  although  definite  plans  were  made  to 
include  what  were  considered  pertinent  background  types.  While  we  would 
be  presumptuous  to  imply  that  the  handbook  is  complete,  even  if  that 
goal  could  be  reached  in  the  limited  space  of  this  volume,  it  does  con¬ 
tain  many  of  the  components  that  are  required  to  describe  a  variety  of 
backgrounds . 

These  components  are  identified  in  part  by  land  masses  as,  for 
example,  mountains  and  deserts,  and  perhaps  rain  forest  or  jungles;  by 
diurnal  variations  in  background  features;  by  seasonal  variations;  by 
scene  types,  such  as  cities  or  urban  areas,  rural  areas,  water  masses, 
etc.  Many  of  these  components  are  included  in  this  handbook.  It  is 
our  intention  to  upgrade  the  handbook  by  adding  to  it  as  other  data  are 
available . 
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In  addition  to  adequate  geographical  coverage,  two  other  require¬ 
ments  demand  attention  for  the  production  of  useful  background  informa¬ 
tion:  reasonable  spatial  resolution  and  adequate  spectral  coverage. 

The  spatial  resolution  is  fixed  by  the  information  capacity  of  what  we 
would  call  general  purpose,  non-railitaiy  imagers,  such  as  the  ERIM 
scanners.  Tills  criterion  fixes  the  field-of-view  of  the  sensor  at  about 
2  milliradians  on  a  side,  providing  a  ground-print  of  the  order  of  two 
to  three  feet  on  a  side.  At  uempej-tituieu  th^.  272  2Cn"  xnnge,  this 
provides  adequate  signal -to-noise  ratios  with  the  ordinary  bandpass 
filters  used  in  the  ERIM  scanners. 
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The  filters  used  for  the  imagery  in  this  handbook  transmit  in  the 
major  window  regions  (described  below)  between  1  and  15  micrometers, 
except  that  between  4.5  and  5.5  pro  there  can  be  considerable  absorption 
by  the  atmosphere.  We  lose  nothing  by  confining  our  attention  to  the 
windows,  and,  in  fact,  gain  by  reducing  uncertainty  introduced  by  atmo¬ 
spheric  changes.  We  note  often,  for  example,  in  some  of  the  data 
presented  in  the  handbook  that  because  of  the  4. 5-5. 5  pm  spectral 
region  dependence  on  the  atmosphere,  the  divergence  between  the  results 
in  that  spectral  region  and  those  of  the  spectral  region  between  8  and 
14  pm  can  range  from  essentially  zero  to  rather  large  values.  The 
transmission  characteristics  of  the  filters  used  for  the  data  in  this 
handbook  are  included  in  Appendix  A. 

The  scenes  were  chosen  to  depict  certain  geographical  features, 
and  any  inhomogeneity  in  the  scenery  is  a  characteristic  of  the  scene 
chosen.  In  the  earlier  reports  of  References  1  through  6,  selected 
homogeneous  areas  were  chosen  for  analysis  separately.  But  here,  the 
scene  is  kept  intact  wrth  or  without  inhomogeneities.  By  comparing 
the  thermal  imagery  and  the  greymaps,  the  user  should  easily  be  able  to 
correlate  features  in  the  histograms  with  inhomogeneities  observed  in 
the  scenery. 

-2  -1 

The  calibrated  (i.e.,  converted  to  radiance  in  watt-cm  -sr  pm  , 
or  temperature  in  °K)  signals  of  every  pijce.l  in  the  analyzed  scene  are 
digitized  on  magnetic  tapes  which  are  stored  at  the  EK.1M  facility.  We 
have  analyzed  the  data  in  a  rather  general  form  for  presentation  here, 
but,  of  course,  the  data  can  be  handled  in  any  way  desired.  We  have  not 
formatted  the  tapes  for  automatic  use  by  any  other  persons  except  those 
who  have  access  to  our  special  programs  for  computation.  However,  it 
is  feasible  that  they  could  be  made  available  to  the  public  with  far 
less  effort  than  that  required  to  obtain  and  analyze  the  data  in  the 
tjrst  place. 
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The  substance  of  the  handbook  is  compiled  in  Section  3,  containing 
complete  packages  of  background  data  for  different  locations,  giving 
all  of  the  statistics  and  pertinent  environmental  information.  Each 
package  is  identified  by  the  name  of  the  scene  tabulated  in  the  Master 
Index  and  includes  the  following  (except  for  minor  deletions) : 

•  Aerial  photo  of  the  scene. 

•  Thermal  image  in  selected  spectral  regions. 

•  Greymap  of  digitized  data. 

•  'l'able(s)  of  scene  physical  characteristics. 

•  Various  statistical  analyses. 

The  statistics  include  radiance  and  temperature  histograms,  with 
means  and  standard  deviations;  spectral  correlations;  ellipse  "pictures" 
with  tabulations  of  area,  perimeter,  and  shape  distributions;  and  power 
spectra.  The  statistics  arc  described  in  Section  2  and  the  data  processing 
details  in  Appendix  B.  Appendix  A  contains  a  description  of  the  scanners 
and  filters  used  in  collecting  the  imagery  from  which  the  statistical 
information  was  obtained.  Only  those,  samples  from  the  various  reports 
of  References  1  through  6,  which  are  exemplary  for  a  given  complete  set 
of  conditions,  are  included.  For  example,  the  scanner  can  be  set  in  two 
configurations,  looking  dire,  tly  downward  and  looking  at  ar.  angle  of  35° 
below  the  horizon.  The  difference  in  results  from  each  type  of  run  is 
essentially  undiscernible  in  most  cases,  meaning  that  the  mean  and  stand¬ 
ard  deviation  of  each  are  nearly  the  same.  Thus,  unless  the  difference 
is  significant,  often  only  one  or  the  other  is  presented. 

Following  this  discussion  is  a  Master  index  to  be  used  as  an  aid 
in  finding  information  specific  to  the  needs  of  the  user,  and  correspond¬ 
ing  to  various  physical  and  environmental  conditions,  geographical  loca¬ 
tions,  scenery  type,  spectral  bands,  time-of-day  or  season,  etc.  Fol¬ 
lowing  the  Master  Index  is  a  Type-of-Background  Index  set  up  in  matrix 
form  to  subdivide  the  different  background  types  according  to  the 
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diurnal,  or  seasonal  cycle.  Finally,  a  Spectral  Band  Index  is  included 
to  cover  the  region  in  cne  spectrum  from  about  1.0  pm  to  about  1A.0  pm. 

The  different  spectral  bands  covered  are  1.0-1. 4,  1.5-1. 8,  2. 0-z.6, 
3.0-A.2,  3. 5-3. 9,  A. 5-5. 5,  and  8.0-14.0  pm.  The  last  region,  8.0-1A.0  pm, 
was  covered  with  various  filters  at  different  AX's,  designated  in  the 
Index  merely  as  8.0-1A.0  pm,  but  specifically  delineated  in  the  Handbook 
within  their  properly  designated  bands. 

Since,  as  was  mentioned  earlier,  the  substance  of  this  Handbook 
was  presented  in  earlier  reports,  the  reader  is  referred  to  them  (cited 
in  the  individual  packages)  for  a  more  thorou  »h  discussion  of  the 
statistical  features  of  the  various  scenes.  A  few  of  the  common  formats 
are  mentioned  here,  however. 

•  The  greymaps  are  included  to  show  generally  the  portion  of 
the  scenery  analyzed. 

•  Each  histogram  includes  a  Gaussian  curve  having  the  same 
mean  and  standard  deviation  as  the  actual  curve,  and  indi¬ 
cated  by  circles  superimposed  over  the  actual  curve. 

•  The  "S"  on  some  of  the  histograms  indicate  that  saturation 
has  occurred.  The  digital  range  of  the  image  signals  is 
between  0  and  255.  Because  of  the  difficulty  in  properly 
setting  amplifier  gains,  the  digital  range  is  sometimes 
exceeded . 

•  The  ordinate  of  the  power  spectra  is  designated  (AMPL)'-  /  (1/M) 
to  accommodate  multiple  curves  with  different  units.  For 
data  computed  in  terms  of  spectral  radiance, 

-2  -1  -1 

AMPL  =  watt-cm  -sr  -pm 

and  for  those  computed  in  terms  of  temperature,  AMPL  =  °K. 


vi 


v  i 


PREFACE 


\ 


b= 

p 

% 

" 


I.  . 


i 


The  work  described  herein  was  fimded  by  the  Optical  Signatures 
Program  to  support  Navy  requirements.  Project  Monitor  for  this  task 
was  Cr.  Jon  Wunderlich,  Naval  Weapons  Center,  China  Lake,  California. 
Data  from  infrared  (IR)  imagery  from  various  terrain  and  water  back¬ 
grounds  have  been  collected  by  the  Environmental  Research  Institute,  of 
Michigan  (ERIM) ,  analyzed  to  show  their  statistical  features,  and 
accumulated  in  a  handbook  to  present  an  organized  set  of  backgrounds 
incorporating  varied  environmental  parameters. 

The  data  were  collected  with  ERIM's  mulLispectral  scanners,  which 
operate  in  several  wavelength  bands  in  the  visible  and  infrared  portions. 
of  the  electromagnetic  spectrum.  The  imagery  were  collected  with  the 
scanners  looking  both  downward  and  in  a  direction  35°  below  the  hori¬ 
zontal.  The  statistics  are  presented  in  figures  and  tables,  as  histo¬ 
grams,  means  and  standard  deviations,  spectral  correlations,  ellipses, 
and  power  spectra. 

In  order  to  keep  the  handbook  to  the  minimum  size  necessary  to 
convey  the  data,  and  because  much  of  the  descriptive  material  is  common 
to  all  of  the  reports  from  which  the  data  were  obtained,  the  authors 
deferred  to  the  earlier  reports  (especially  Reference  1)  for  the 
material  of  Section  2  and  of  Appendices  A  and  U,  However,  the  infor¬ 
mation  essential  to  the  utilization  of  the  data  is  included  in  this 
report . 
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IGN1FICANT  INFORMATION  ABOUT  VARIOUS  SCENES 


Scene 

Date 

Page 

Baltimore,  MD 

5-1-72 

3.1-1 

Black  Hills-1,  2,  SD 

7-22-69 

3.2-1 

Camp  A.  P.  Kill,  VA 

3-23-78 

3-29-78 

3-30-78 

3.3-1 

Flint-1,  2,  MI 

9-18-71 

3.4-1 

Michigan  Winter  Scene,  City 

4-3-79 

4-4-79 

3.5-1 

Michigan  Winter  Scene,  Conifers 

4-3-79 

4-4-79 

3.5-95 

Michigan  Winter  Scene,  Farmland 

4-3-79 

4-4-79 

3.5-173 

Michigan  Winter  Scene,  Land  and  Water 

4-3-79 

4-4-79 

3. 5-2x4 

Mill  Creek,  OK 

6-30-72 

3.6-1 

Mono  Lake ,  CA 

9-23-68 

3.7-1 

Nellis  AFB,  NV  -  Desert  &  Mountains 

2-25-78 

2-26-78 

3.8-1 

Pisgah  Crater,  CA 

10-30-70 

3.9-1 

Port  Hueneme,  CA 

3-7-78 

3.10-1 

Details  of  these  scenes  are  to  be  found  on  the  succeeding  pages,  which 
are.  a  continuation  of  this  Master  index. 
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Scene:  Baltimore,  MD 

Identifier  (Date) 
Spectral  Bands: 
Altitude: 


Aircraft  Ground  Speed; 


Baltimore  (5-11-72) 

1.0-1. 4,  2. 0-2. 6,  9.3-11.7  ym 
2500  ft 

2.5  mrad  (cross-track);  5.0  mrad  (in-track) 


Direct  of  Flight:  -East 

Size  of  Analyzed  Scene:  5225  x  4030  ft 

General  Description:  Residential  Area 

Meteorology:  Clear  sky;  lig 


Clear  sky;  light  haze  at  5  Kft;  dry 
condition 


Scene:  Black  Hills-1,  SD 

Identifier  (Date): 
Spectral  Bands: 
Altitude: 


Black  Hills-1  (7-22-69) 

1.0-1. 4,  2. 0-2. 6,  4. 5-5. 5,  8.0-13.5  ym 
1500  ft 

3.5  mrad  (cross-track);  6.6  mrad  (in-track) 


Aircraft  Ground  Speed: 

Time:  1340 

Direct  of  Flight:  East 

Size  of  Analyzed  Scene:  1160  x  7140  ft^ 


General  Description: 


Meteorology : 


Natural  terrain  of  trees  and  hills  with 
numerous  shadows  (forested  mountains). 

Visibility  >15  mi;  clear  dary,  dry;  cloud 
cover  10% 
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Scene:  Black  Bills-2,  SD 

Identifier  (Date): 
Spectral  Bands: 
Altitude : 

IFOV ; 


Black  Hills-2  (7-22-69) 
1.0-1. 4,  1.5-1. 8,  2. 0-2. 6  ym 
1500  ft 


IFOV;  3.5  mrad  (cross-track);  6.6  rarad  (in-track) 

Aircraft  Ground  Speed:  200  ft-sec  ^ 


Direction  of  Flight:  East 

Size  of  Analyzed  Scene:  2420  x  7200  ft 
General  Description:  Forested  Mountains 


Meteorology: 


Visibility  > 15  mi;  clear  day,  dry;  cloud 
cover  10% 


Scene :  Camp  A.  P.  llill,  VA 

Identifier  (Date): 
Spectral  Bands: 
Altitude: 


Camp  A.  P.  Hill  (3-28-78,  3-29-78,  3-30-78) 
2. 0-2. 6,  4. 5-5. 5,  8.0-14.0  ym 
800  ft 
2.0  mrad 


Aircraft  Ground  Speed:  168  ft-sec 


Time: 

Direction  of  Flight: 
Size  of  Analyzed  Scene: 
General  Description: 


Meteorology : 


0930,  1330,  1830,  2330 


1100  x  1400  ft 

Small  stands  of  leafless  deciduous  and 
coniferous  trees. 

Clear  and  dry;  sunny  during  daylight  hours; 
visibility  >30  km;  light  haze  in  evening. 
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Scene :  Flint-1,  MI 

Identifier  (Date): 
Spectral  Bands: 
Altitude: 


Aircraft  Ground  Speed:  200  ft-sec 


Flint-1  (9-18-71) 

1.0-1. 4,  1. 5-1.8,  2, 0-2. 6,  9.3-11.7  pm 
1000  ft 

2.5  mrad  (cross-track) ;  5.0  mrad  (in-track) 


Direct  of  Flight: 

Size  of  Analyzed  Scene: 
General  Description: 
Meteorology: 


-South 

1600  x  3980  ft2 
Residential  Area 

Visibility  >10  mi;  dry;  cloud  cover  30-50% 


Scene :  Flint-2,  MT 

Identifier  (Date) 
Spectral  Bands: 
Altitude: 

IFOV: 


Time : 

Direction  of  Flight: 
Size  of  Analyzed  Scene: 
General  Description: 
Meteorology : 


Flint-2  (9-18-71) 

1.0-1. 4,  1. 5-1.8,  2. 0-2. 6,  9.3-11.7  pm 
1000  ft 

2.5  mrad  (cross-track);  5.0  mrad  (in-track) 


Aircraft  Ground  Speed:  200  ft-sec 


Southeast 

1600  x  4430  ft2 

Industrial-Urban  Area 

Visibility  >10  mi;  dry;  cloud  cover  30-50% 
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Scene:  Michigan  Winter  Scene  -  City 

Identifier  (Date)  : 

Spectral  Bands: 

Altitude: 

IFOV : 

Aircraft  Ground  Speed: 

Time: 

Direction  of  Flight: 

Size  of  Analyzed  Scene: 

General  Description: 
Meteorology : 


Scene:  Michigan  Winter  Scene  -  Conifers 

-l 

-JJ 

1 

j 

1 

Identifier  (Date) : 

Conifers  (4-3-79,  4-4-79) 

■  ’ 

-g 

Spectral  Bands: 

3. 5-3. 9,  4. 5-5. 5,  9.0-11.4  ym 

Altitude: 

1000  ft  (35°  depression); 

4 

1750  ft  (90°  depression); 

7jj 

IFOV: 

2 . 5  mrad 

J 

Aircraft  Ground  Speed: 

202  ft-sec  ^ 

Time : 

0600,  1230,  1900,  0030 

' 

Direction  of  Flight: 

NNW 

1 

Size  of  Analyzed  Scene:  1650  x  .1750  ft*" 

General  Description:  Coniferous  Forest 

Meteorology:  Snow  covered  ground;  air  temperature  =  -2e,C; 

cloud  cover  =  95%,  clear,  15%,  60-95%, 
respectively 


City  (4-3-79,  4-4-79) 

3. 5-3. 9,  4. 5-5. 5,  9.0-11.4  pm 

1000  ft  (35°  depression); 

1750  ft  (90°  depression) 


-1 


2 . 5  mrad 
202  ft-sec 
0600,  1230,  1900,  0030 
NNW 

1650  x  1750  ft2 
Urban  Area 

Snow  covered  ground;  air  temperature  =  -2°C, 
5°C,  4DC,  -2°C,  respectively;  cloud  cover  « 
95%,  clear,  15%,  60-70%,  respectively 
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Scene:  Michigan  Winter  Scene  -  Farmland 


Identifier  (Date): 
Spectral  Bands: 
Altitude: 

IFOV : 

Aircraft  Ground  Speed: 
Time : 

Direction  of  Flight: 
Size  of  Analyzed  Scene: 
General  Description: 
Meteorology: 


Farmland  (4-3-79,  4-4-79) 

3. 5-3.9,  4. 5-5.5,  9.0-11.4  pm 

1000  ft  (35°  depression); 

1750  ft  (90°  depression) 

2.5  mrad 

202  ft-sec  ^ 

0600,  1230,  1900,  0030 

NNW 

1650  x  1750  ft2 
Farm  Fields 

Snow  covered  ground;  air  temperature  =  -2°C 
5°C,  4°C,  -2°C,  respectively;  cloud  cover  = 
95%,  clear,  15%,  60-95%,  respectively 


Scene :  Michigan  Winter  Scene  -  Land  and  Water 


Identifier  (Date):  Land  and  Water  (4-3-79,  4-4-79) 


Spectral  Bands:  3. 5-3. 9,  4. 5-5. 5,  9.0-11.4  pm 

Altitude:  1000  ft  (35°  depression); 

1750  ft  (90°  depression) 


IFOV: 

Aircraft  Ground  Speed: 
Time: 

Direction  of  Flight : 
Size  of  Analyzed  Scene: 
General  Description: 
Meteorology : 


2.5  mrad 

-1 

202  ft-sec 

0600,  1230,  1900,  0030 
NNW 

1650  x  1750  ft2 
Land  and  Lake 

Snow  covered  ground;  air  temperature  =  -2°C 
5°C,  4°C,  -2°C,  respectively;  cloud  cover  = 
95%,  clear,  15%,  60-95%,  respectively 
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Scene:  Mill  Creek,  OK 

Identifier  (Date): 
Spectral  Bands: 
Altitude: 

IFOV : 

Aircraft  Ground  Speed: 
Time : 

Direction  of  Flight: 
Size  of  Analyzed  Scene: 
General  Description: 
Meteorology: 

Scene:  Mono  Lake,  CA 

Identifier  (Date); 
Spectral  Bands: 
Altitude: 

IFOV: 

Aircraft  Ground  Speed: 
Time: 

Direction  of  Flight: 
Size  of  Analyzed  Scene: 
General  Description: 
Meteorology; 

w 

a-; 


Mill  Creek  (6-30-72) 

1.0-1. 4,  1.5-1. 8,  2. 0-2. 6,  9.3-11.7  ym 

3000  ft 

2.5  mrad  (cross-track);  5.0  mrad  (in-track) 
200  ft-sec-1 

07  30 

Southeast 

3990  x  4840  ft2 

Mountainous  Terrain 

Visibility  30  mi;  dry;  cloud  cover  30% 

Mono  Lake  (9-23-68) 

1.0-1. 4,  2. 0-2. 6,  4. 5-5. 5,  8.0-13.5  ym 
4000  ft 

3.5  mrad  (cross-track);  6.6  mrad  (in-track) 
200  ft-sec  1 

1000 

South 

3100  x  6760  ft2 
Mountains 

Visibility  >15  mi;  clear  and  bright;  dry 
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Scene:  Nellis  AFB,  NV  -  Desert  and  Dry  Lake 

Identifier  (Date):  NEV-C,L  HI  (2-25-78,  2-26-78) 

Spectral  Bands:  2. 0-2. 6,  3. 0-4. 2,  3. 5-3. 9,  A. 5-5. 5, 

9. 0-11. A  pm 

Altitude:  1000  ft  (35°  depression) 

IFOV:  2.5  mrad 

Aircraft  Ground  Speed:  200  ft-sec  ^ 

Time:  1100,  1600 

Direction  of  Flight:  East,  except  NEVC  (West) 

Size  of  Analyzed  Scene:  1750  x  2700  (desert);  1750  x  1350  (dry 

lake) 

General  Description:  Desert  and  Dry  Lake 

Meteorology:  1100  -  high,  thin,  scattered  clouds, 

visibility  =  15  miles; 

1600  -  scattered  clouds,  light  haze, 
visibility  =  35  miles 

Scene:  Nellis.  AFB,  NV  -  Mountains 

Identifier  (Date):  NEV-B,  F,  I,  M,  H,  11  (2-25-78,  2-26-78) 

Spectral  Bands:  2. 0-2. 6,  3. 0-4. 2,  3. 5-3. 9,  A. 5-5. 5, 

9. 0-11, A  pm 

Altitude:  1000  ft  (35°  depression); 

1750  ft  (90”  depression) 

IFOV:  2.5  mrad 

Aircraft  Ground  Speed:  200  ft-sec  ^ 

Time:  0930,  1100,  1500 

Direction  of  Flight:  East,  except  NEVG1  (West) 

2 

Size  of  Analyzed  Scene:  1750  x  6750  ft 

General  Description:  Mountains 

Meteorology:  0930  -  high,  thin,  scattered  clouds, 

1100  -  visibility  =  15  miles; 

1500  -  scattered  clouds,  light  haze, 
visibility  =  35  miles 
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MASTER  INDEX  (Concluded) 


Scene:  Pisgah  Crater,  CA 

Identifier  (Date): 
Spectra]  Bands: 

Altitude ; 

IFOV : 

Aircraft  Ground  Speed: 
Time: 

Direction  of  Flight: 
Size  of  Analyzed  Scene: 
General  Description: 
Meteorology: 


Scene :  Port  Hueneme,  CA 

Identifier  (Date): 
Spectral  Bands: 

Altitude : 

IFOV: 

Aircraft  Ground  Speed: 
Time : 

Direction  of  Flight: 

Size  of  Analyzed  Scene: 

General  Description: 
Meteorology : 


Pisgah  Crater  (10-30-70) 

8.0-10.9,  9.4-12.1,  11.3-13.5  pm 
1000  ft 

3.5  mrad  (11.3-13.5);  2.1  x  28  mrad2 
(8.0-10.9,  9.4-12.1) 

0830 

South-Southeast 
6960  x  820  ft2 
Mountains 

Visibility  50  mi;  clear  and  bright;  dry; 
cloud  cover  10% 


HUMF.l  (or  HUM1) 

HUME 2  (or  HUM2)  (3-7-78) 

2. 0-2. 6,  3. 0-4. 2,  4. 5-5. 5,  9.0-11.4  pm 

1000  ft  (35°  depression); 

1750  ft  (90°  depression) 


-1 


2.5  mrad 
202  ft-sec 
1215,  1420 
West 

6350  x  2800  ft] 
1800  x  900  f.t: 


(HUME1) 

(HUME2) 


Land  and  water;  port  facility 

Visibility  >15  mi;  slight  haze;  high 
scattered  clouds;  water  calm;  slight 
rolling  waves 
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TYPE-OF-BACKGROUND  INDEX 


This  index  is  intended  to  direct  the  reader  to  background  data  com¬ 
piled  for  different  Lypes  of  scenes  and  under  different  temporal  condi¬ 
tions,  diurnal  and  seasonal.  The  breakdown  of  data  into  more  detailed 
categories  was  considered  unnecessary  because  the  physical  and  environ¬ 
mental  characteristics  are  tabulated  in  each  data  package  in  Section  3. 

In  this  index  there  rs  a  time-of-day  versus  season  matrix  for 
each  type  of  background  scene.  The  reader  is  referred  to  the  Master 
Index  for  the  location  in  the  Handbook  of  material  pertinent  to  the 
referenced  background  type. 


RESIDENTIAL- INDUSTRIAL 


Season 

Time  (Hrs.) 

0001-0600 

0601-1200 

1201-1800 

1801-2400 

Jan.-Mar. 

Michigan 

Michigan 

Michigan 

Port  Hueneme, 
CA 

Michigan 

Afr.-June 

Baltimore,  MD 

July-Sept. 

Flint,  MI 

Oct.-Dec. 

Season 

- - — - 

Time  (Hrs.) 

0001-0600 

0601-1200 

1201-1800 

1801-2400 

Jan.-Mar. 

Michigan 

Michigan 

Michigan 

Port  Hueneme, 
CA 

Michigan 

Apr.-June 

July-Sept. 

Oct.-Dec. 

VEGETATION-RURAL 
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SPECTRAL  BAND  INDEX 

3 .0-4. 2  ym 


1 .0-1.4  yim 

Flint-1 
Flint-2 
Baltimore 
Mill  Creek 
Black  Hills-1 
Black  Hilis-2 
Mono  Lake 

1.5-l.S  ym 

Flint-1 
Flint-2 
Mill  Creek 
Black  Hills-2 

2. 0-2 .6  yim 

Flint-1 
Flint-2 
Baltimore 
Mill  Creek 
Black  Hills-1 
Black  Hills-2 
Mono  Lake 
Nellis  AFB 
Port  Hueneme-1 
Port  Hueneme-2 
Camp  A.P.  Hill 
Michigan 


Nellis  AFB 
Port  Hueneme-1 
Port  Hueneme-2 

3. 5- 3. 9  pm 

Nellis  AFB 
Michigan 

4.5-  5.5  pm 

Black  Hills-1 
Mono  Lake 
Nellis  AFB 
Port  Hueneme-1 
Port  Hueneme-2 
Camp  A.P.  Hill 
Michigan 

8.0-14.0  um 

Flint-1 
Flint-2 
Baltimore 
Mill  Creek 
Black  Hills-1 
Pisgah  Crater 
Mono  Lake 
Nellis  AFB 
Port  Hueneme-1 
Port  Hueneme-2 
Camp  A.P.  Hill 
Michigan 
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DATA  ANALYSIS  -  INTRODUCTION 


For  a  large  number  of  years,  there  has  been  a  great  demand  for 
statistical  information  on  backgrounds  to  be  used  in  a  variety  of 
ways,  in  particular  as  input  to  the  design  and  analysis  of  infrared 
systems.  The  Environmental  Research  Institute  of  Michigan  (ER1T1) 
has  for  years  been  collecting  infrared  imagery  with  its  airborne  scan¬ 
ners,  calibrated  to  yield,  absolutely,  spatially  varying  radiances  from 
chosen  scenery  with  relatively  high  spatial  resolution.  Recent  flights 
have  been  sponsored  through  the  Optical  Signatures  Program  to  Support 
Navy  Requirements.  One  scanner  and  its  associated  equipment  are  des¬ 
cribed  in  Appendix  A. 

A  variety  of  statistical  measures  have  been  derived  from  the 
imagery  and  are  presented  in  this  handbook.  These  include  the  conven¬ 
tional  statistical  parameters  of  means,  standard  deviations,  histograms, 
Wiener  (power)  spectra,  and  spectral  correlations  as  well  as  new  area/ 
radiance/temperature  statistics  which  are  particularly  relevant  in  view 
of  recent  advances  in  sensor  and  processor  technology.  Efforts  to  assess 
the  utility  of  the  various  background  statistical  measures  have  been  re¬ 
ported  in  various  technical  reports  (References  1-6). 

Conventional  background  statistics  have  in  the  past  been  adequate 
since  in  many  instances  there  is  a  high  contrast  between  the  target  and 
background.  In  such  instances,  the  highest  intensity  background  points 
determine  the  highest  threshold  setting  necessary  to  eliminate  all 
false  alarms  and  the  histograms  provide  estimates  of  how  the  detection 
probability  and  false  alarm  rate  vary  with  threshold  setting.  However, 
today  there  is  a  need  for  higher-order  background  statistics  because 
of  the  increased  sophistication  of  background  rejection  techniques  em¬ 
ployed  with  large  detector  arrays  end  imaging  or  scanning  sensors. 
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Although  the  power  spectrum  is  a  background  statistic  which  does  vary 
with  the  spatial  distribution  of  radiances  in  the  scene,  it  is  clearly 
an  inadequate  background  descriptor  for  most  of  today's  problems. 

Small  areas  of  high  radiance  produce  most  of  the  false  alarms  in 
today's  sensors,  and  the  power  spectrum  does  not  distinguish  between 
scenes  with  many  low- Intensity  areas  and  those  with  a  few  high-intensity 
areas.  This  is  a  well  known  fact  and  a  reoult  which  is  evident  from 
the  background  modeling  work  of  R.  Clark  Jones  and  the  Working 
Croup  on  Infrared  Backgrounds,  WGIRB  (Reference  7). 

Hence,  in  addition  to  the  conventional  statistics  on  terrain  back¬ 
grounds,  area/radiance/temperature  statistics  have  been  developed  as 
a  statistical  measure  that  is  more  directly  useful  to  the  sensor  de¬ 
signer  in  estimating  detection  probabilities  and  false  alarm  rates 
with  today's  sensor  and  processor  technology.  The  statistics  developed 
are  the  probabilities  that  regions  (of  various  sizes,  shapes,  and 
orientations)  will  occur  in  the  scene  above  a  specified  radiance  thres¬ 
hold.  The  parameters  calculated  are  area,  major  and  minor  axes,  and 
the  angular  orientation  for  an  elliptical  figure  that  is  equivalent, 
in  geometric  area  and  ratio  of  second  moments  of  the  region  area  about 
its  centroid,  to  each  contiguous  region  above  the  radiance  threshold. 

The  elliptical  area  is  equivalent  in  spatial  area  only  to  each  con¬ 
tiguous  region  above  the  radiance  threshold.  Presented  in  the  hand¬ 
book  are  histograms  of  the  number  of  area  sizes  occurring  above  pre¬ 
selected  thresholds.  For  most  scenes,  the  number  of  regions  and  their 
areas  decree  'e  as  the  threshold  is  raised,  while  the  number  of  small 
regions  above  any  preset  threshold  varies  from  one  scene  to  the  next. 
These  area/radiance/ temperature  statistics  are  analogous  to  the  more 
familiar  pulse  length  statistics  for  one-dimensional  records. 


The  statistical  parameters  for  the  occurrence  of  areas  and  inten¬ 
sities  in  the  various  background  scenes  are  not  only  directly  useful 
for  estimating  sensor  performance  but  may  also  be  useful  in  special 
cases  in  simulating  classes  of  backgrounds.  The  equivalent  ellipses 
at  each  threshold  can  be  positioned  to  simulate  the  actual  scene  from 
which  they  were  derived,  or  repositioned  at  random  to  simulate  many  scenes 
having  the  same  area/radiance/ temperature  statistics.  Such  simulations 
of  backgrounds  reproduce  many  of  the  spatial  characteristics  of  the 
original  scene  as  is  shown  by  example  in  Figure  1.  In  this  figure, 
a  sample  thermal  image  is  reproduced,  overlaid  by  a  transparency  con¬ 
taining  ellipses  processed  in  the  analysis  from  a  preselected  threshold. 
Correlations  between  the  ellipses  and  certain  structures  in  the  imagery 
are  evident.  The  correlations  are  not  as  spectacular,  however,  in  the 
more  homogeneous  backgrounds.  The  statistics  of  the  ellipses  should 
match  the  real  scene  statistics  more  and  more  closely  as  the  threshold 
for  signal  detection  is  raised.  However,  we  have  not  performed  a  com¬ 
plete  analysis  of  the  correlation  between  scene  characteristics  and  the 
simulations  representing  these  scenes. 
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•  The  histograms  provide  probably  the  greatest  amount  of  informa¬ 
tion  in  general  about  the  scene.  In  the  thermal  regions  of  the.  spectrum 
they  are  presented  in  terms  of  temperature  for  comparison  among  the  dif¬ 
ferent  spectral  regions.  The  temperatures  are  obviously  only  apparent 
since  the  emissivity  of  the  surface  is  less  than  unity,  and  furthermore, 
the  atmosphere  intervenes  to  alter  the  radl.ation  emitted  by  the  surface. 
Inhomogeneities  in  the  surface  radiative  properties  tend  to  spread  the 
histogram,  while  the  atmosphere  tends  to  have  a  quieting  effect.  The 
interplay  of  these  two  characteristics  is  evident  in  the  different 
scenes,  particularly  in  a  comparison  between  the  4. 5-5.5  pm  and  the 
8.0-14.0  pin  regions.  In  the  shorter  wavelength  regions,  the  sun's 
influence  is  evident. 
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The  scanner  details  are  included  in  Appendix  A  and  the  data  processing 
procedures  are  presented  in  Appendix  B.  The  remaining  sections  of  this 
handbook  contain  the  background  data  that  forms  the  substance  of  this  hand¬ 
book.  The  type  of  data  included  in  this  handbook  and  the  form  of  data 
presemiatlon  is  described  in  Section  2.  This  section  provides  the  data 
description  and  explanation  necessary  for  utilizing  the  handbook.  The 
substance  of  the  handbook  is  compiled  in  Section  3,  containing  complete 
packages  of  background  data  and  pertinent  environmental  information. 
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DESCRIPTION  OF  DATA  STATISTICS 


The  multispectral  background  data  selected  for  inclusion  in  this 
report  were  analyzed  to  determine  the  statistics  of  both  radiometric  and 
spatial  features.  The  general  data  processing  principles  are  presented 
in  Section  2.1  with  a  more  detailed  discussion  of  the  procedures  included 
in  Appendix  B.  The  remainder  of  this  section  is  devoted  to  describing 
the  data  and  the  statistics  used  to  present  the  data  in  this  handbook. 

The  statistical  measures  derived  from  the  data  are  described  in  Section 
2.2;  point  statistics  in  Section  2.2.1,  and  correlative  statistics  in 
Section  2.2.2.  Three  types  of  correlative  statistics  are  discussed. 

These  include  spectral  correlations  between  pairs  of  bands;  area/radiance/ 
temperature  statistics  and  the  development  of  the  equivalent  elliptical 
area  concept;  and  one-dimensional  Wiener  (power)  spectra. 

2.1  DATA  PROCESSING  PROCEDURE 

Some  preprocessing  is  required  before  the  scanner  data  are  used  to 

generate  scene  stacistics.  First,  the  high  density  digital  tap^s  must  be 

converted  to  computer  compatible  tapes.  Secondly,  each  channel  must  be 

calibrated  in  temperature  or  radiance  (see  Appendix  B.2.).  The  data  in 

,  2 

the  near  1R  channel  are  converted  to  equivalent  radiance  in  pW/cm  -sr.ym 

i 

and  the  data  in  the  thermal  IR  channels  are  converted  to  apparent  tem¬ 
perature  in  degrees  Kelvin.  Next,  averaging  is  employed  to  reduce  over- 
sampling  and  to  equalize  any  differences  in  the.  fields  of  view  of  the 
various  detectors  (see  Appendix  B.3).  Lastly,  calibrated  formatted  tapes 
are  generated  for  analysis. 

2.2  STATISTICS  DEFINITIONS 

Several  sets  of  statistics  have  been  generated  for  each  of  the 
chosen  scenes.  These  may  be  broken  down  into  two  groups: 
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1.  Point  Statistics:  Those  defined  by  individual  data  points 
in  a  single  channel. 

2.  Correlative  and  Area  Statistics:  Those  requiring  calcula¬ 
tion  of  correlation  effects  for  a  scene  either  in  a  single 
channel  or  between  channels. 


2.2.1  POINT  STATISTICS:  MEANS  AND  STANDARD  DEVIATIONS 

The  point  statistics  generated  are  the  mean  and  standard  deviation 
for  each  channel  and  a  histogram  of  the  data  value  distributions  of 
these  channels.  In  some  imagery,  to  determine  the  degree  of  homogeneity 
that  exists,  the  total  scene  is  broken  down  into  sub-areas  and  the 
point  statistics  generated  for  these  sub-areas  as  well  as  for  the 
total  area.  In  practice,  the  sub-area  statistics  are  generated  first 
and  the  total  area  statistics  derived  from  them.  Sub-areas  are  not 
included  in  this  handbook. 


The  mean  value  for  area  V  in  Channel  J  (X(J)  )  is  evaluated 

n 

using 


N 

x^-iT  £  x<J>i 

n  i=l 


(2-1) 


where  x(J)^  is  the  data  value  of  pixel  i  in  Channel  J  and  is  the 

total  number  of  data  points  in  the  area.  Using  the  same  notation, 

2 

the  standard  deviation,  a  (J)^,  is  given  by 


x2(J). 


-  x(J)' 


(2-2) 


At  the  same  time  that  these  statistics  are  generated,  the  number 
of  data  points  having  each  of  the  possible  data  values  (0  to  255)  is 
tabulated  and  this  tabulation  used  to  generate  histograms  for  the  scene. 
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A  representative  histogram  is  included  in  Figure  2.  Note  that 
the  ordinate  of  the  histogram  is  probability  expressed  as  fraction 
of  the  total  number  of  data  points  within  an  interval  of  the  abscissa. 
In  this  example  case,  it  is  the  fraction  of  the  total  in  a  0.19°K 
interval . 


2.2.2  CORRELATIVE  AND  AREA  STATISTICS 

Three  sets  of  correlative  statistics  are  generated  for  the  scenes: 
wavelength  correlations,  area  statistics,  and  spatial  correlations  or 
Wiener  spectra.  Because  of  the  common  factors  involved,  the  wavelength 
correlations  are  evaluated  at  the  same  time  as  the  means  and  standa  d 
deviations  while  the  area  statistics  and  Wiener  spectra  require  separate 
computer  codes. 

2 . 2 . 2 . 1  Wavelength  Correlations 

The  wavelength  correlations  are  determined  for  all  pairs  of  channels 
except  for  those  collected  at  opposite  ends  of  the  M-5  scanner  which  were 
90°  out  of  phase.  The  data  for  the  1.0-1. A,  1,5-1. 8,  and  2. 0-2. 6  ym  chan¬ 
nels  were  collected  using  a  three-element  InAs  detector,  the  segments 
of  which  look  at  slightly  different  ground  areas  at  any  given  time. 

The  1.0-1. A,  2. 0-2. 6,  and  4. 5-5. 5  pm  data  were  collected  with  a  three- 
element  InSb  detector.  The  three  channel  data  were  brought  into  regis¬ 
tration  at  the  nadir  by  applying  appropriate  time  delays  to  the  leading 
channels  (time  delays  long  enough  to  correct  for  the  90°  phase  difference 
between  the  two  ends  of  the  M-5  scanner  could  not  be  generated).  Com¬ 
plete.  registration  could  not  be  maintained  across  the  entire  scan  line 
because  as  the  scan  angle  is  increased,  the  projection  of  the  three 
detector  arrays  rotates  about  the  center  element  until  at  a  scan  angle 
of  90°  the  detector  array  is  aligned  in-trac.k  rather  than  cross-track. 
However  the  element-to-element  registration  is  50%  or  better  for  angles 
-+20°  of  nadir. 
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The  wavelength  correlation  between  two  channels,  J  and  K,  is  defined 
in  terms  of  a  correlation  coefficient  which  is  the  ratio  of  the  co¬ 
variance  of  the  two  channels  to  the  product  of  their  standard  devia¬ 
tions: 

‘  C0R<J«K)  -  fS&S  (2-3) 

where  COR(J,K)  is  the  correlation  coefficient  for  the  two  channels,  a(J) 
and  o(K)  their  standard  deviations,  and  COV(J,K),  the  J-K  element  of  the 
covariance  matrix  for  a  given  area,  is  defined  as 


COV(J.K) 


N 

n 


N  -1 

n 


x(J)1x(K)i  -  xCJ)^  x(K)^ 


(2-4) 


where  all  symbols  are  the  same  as  those  of  Equations  2-1  and  2-2,  The 

reason  for  the  simultaneous  evaluation  of  Equations  2-2  and  2-4  is 

2 

obvious:  the  square  of  the  standard  deviation  o  (J)  is  the  autoco¬ 

variance  or  the  covariance  of  a  given  channel  with  itself  COV(J,J). 

An  example  of  the  correlation  coefficients  for  the  infrared  channels  of 
the  sample  area  is  given  in  Table  1. 

2.2. 2. 2  Area/Radiance/Temperature  Statistics 

Since  means,  standard  deviations,  and  histograms  do  not  give  any 
information  about  the  positions  of  data  values  in  the  scene  or  possible 
clustering  of  these  values,  area  statistics  have  been  generated  by 
determining  contiguous  regions  of  the  scene  for  which  Che  enclosed 
points  had  values  greater  than  some  prescribed  threshold.  Once  these, 
regions  have  been  defined,  their  geometric  centroids,  areas,  and 
second  moments  are  determined  and  these  parameters  used  to  define 
a  set  of  equivalent  elliptical  areas.  The  output  from  this  procedure 
is,  for  each  threshold  level,  a  tabulation  of  distributions  in  terms 
of  area,  perimeter,  and  shape  of  the  pictured  ellipses. 
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TABLE  1.  STATISTICS  OF  THE  AFTERNOON  SCENE 


Number  of  Subregions  =  1 
Pixel  Subarea  Divisions  at:  i  855 
Line  Subarea  Divisions  at:  i  704 

Line  Increment  Used  =  1 
Pixel  Increment  Used  =  1 


Correlation  Channels:  2 

U 

5 

(2.0  -  2. 
(4.5  -  5. 
(8.0  -  14 

6  pm) 

5  pm) 

.  0  pm) 

Correlation 

2 

4 

5 

2 

1.000 

% 

0.782 

1.000 

5 

0.636 

0.882 

1.000 

Channels 

2 

4 

5 

Mean 

6.2356E+01 

2.8569E+02 

2.8654E+02 

St.  Dev. 

2.4785E+01 

2 . 2922E+00 

2 . 7  390E+00 

Total  Points 

597800 

597800. 

597800. 

The  term  subarea  refers  to  the  original  analyses  in  which  the  total 
area  was  subdivided  into  subareas.  In  the  handbook  samples,  subarea 
and  total  area  are  equivalent.  The  line  and  pixel  numbers  are  evident 
from  the  greymap  dimensions. 
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The  semi -major  and  semi-minor  axes  of  the  equivalent  ellipses  are 

taken  coincident  with  the  principal  axes  of  the  regions  they  represent. 

c  c. 

If  Ix  and  Iy  are  the  second  moments  of  a  region  about  the  centroid  and 
Ic  its  product  moment,  all  of  which  are  calculated  as  if  the  plane 
figures  are  massive  and  have  moments  of  inertia  ,  the  angle  of  rotation 
of  the  principal  axes  relative  to  a  fixed  x-y  coordinate  system  is 
given  by 


a  =  2  tan 


IC  -  IC 

y  3 


(2-5) 


where  a  is  in  radians.  The  second  moments  of  the  region  about  the 
principal  axes  are  then  given  by 


,  ■  ev*)  ♦  (- 


c  _  Ic 

x  y 


cos  2a  -  I  sin  2a 
xy 


(2-6) 


lc  +  Ic\  /lc  -  Ic'\ 


cos  2a  +  1  sin  2a 
xy 


Since  the  area  and  the  second  moments  of  an  arbitrary  region  cannot 
be  simultaneously  matched  using  an  ellipse,  equality  is  demanded  between 
the  geometric  areas  and  the  ratios  of  the  principal  moments.  If  the.  serai 
major  and  semi-minor  axes  of  the  ellipse  are  defined  as  a  and  b,  respec¬ 
tively,  and  the  a-axis  is  aligned  with  the  larger  of  the  principal  axes 
of  the  region,  these  equalities  give 


2  A 
a  =  - 

TT 


,2  A 

b  =  — 
7T 


V5 

V? 


(2-7) 


cf.  Mathematical  Statistics,  S.  S.  Wilks,  John  Wiley  &  Sons,  1962. 


where  A  is  the  area  of  the  region  and  and  are  the  moments  given 
by  Equation  2-6,  wJ.th  I  >  I  .  If  I  ,  of  Equation  2-6  is  the  larger  of 

—  —  y 

the  moments,  the  a-axis  of  the  ellipse  is  oriented  at  an  angle  a  with 
respect  to  the  fixed  x-axis;  if  1^,  is  larger,  the  a-axis  is  at  an  angle 
a  +  tt/2.  An  example  of  the  equivalent  elliptical  areas  generated  for 
the  8.0-14.7  pm  channel  of  the  sample  area  is  shown  in  Figures  3  and  4. 
These  figures  represent  the  areas  found  for  data  values  exceeding  the 
specified  threshold  where  a  is  the  standard  deviation,  i.e. ,  2.74°K, 
and  the  threshold  is  defined  as  the  mean  plus  the  specitied  multiple 
of  a.  The  mean  is  286 ° iC. 

2. 2. 2. 3  Wiener  (.Power)  Spectra 

The  last  of  the  correlative  statistics  generated  are  Wiener  spectra 
which  give  information  about  the  spatial  frequency  content  of  the  images. 
The  Wiener  spectrum  for  a  stationary  process  is  defined  as  the  Fourier 
transform  of  the  autocorrelation  function.  In  one  dimension  this  is 

CO 

S(k  )  =  f  exp  (-2nik  x)R(x)dx  (2-8) 

X  •1_00  X 

where  S(kx)  is  the  Wiener  or  power  spectrum,  k^  the  spatial  frequency, 
and  R(x)  the  autocorrelation  function.  R(x)  is  itself  defined  as  the 
expectation  value  of  the  product  of  scene  data  values  times  the  corres¬ 
ponding  values  for  the  scene  when  displaced  by  x: 

U(x)  =  E  (f(X)f(X  +  x)}  (2-9) 

where  E  represents  the  expectation  value  of  the  argument.  The  Wiener 
spectrum  may  be  evaluated  without  first  determining  the  autocorrelation 
function  if  the  integral 

GO 

J"  |xR(x)|dx  (2-10) 

— OO 

is  bounded,  which  is  usually  the  case  for  non-periodic  data  with  zero 
In  this  case,  it  may  be  shown  that  [Reference  8] 


mean . 


rea : 


Camp  A.P.  Hill  (Wavelength  =  8.0  -  14.0  urn) 
Temperature  Threshold  =  Mean  +  3.00  u 
Mean  =  286.54  Kelvin 
Std.  Dev.  =  o  =  2.74  Kelvin 


FIGURE  4.  EQUIVALENT  ELLIPTICAL  AREAS  -  AFTERNOON 
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lim  (x^  -  x^)->« 
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f  (x)  exp (-2Tfikxx)dx 


(2-11) 


so  that  the  Wiener  spectrum  is,  in  the  limit,  the  modulus  squared  of 
the  Fourier  transform  of  the  scene.  Written  in  terms  of  the  discrete 
Fourier  transform,  this  equation  becomes 


S(j)  - 


Ax 

(N  -  1) 


N-l 


1=0 


f(£)  exp(-2TTijJ./N) 


(2-12) 


where  N  is  the  total  number  of  points  being  transformed,  i  the  square 
root  of  -1,  and  the  spatial  f rcquency  k  ,  evaluated  only  at  integer 
values  of  j,  is  given  by 


k  =  — J— 

x  NAx 


(2-13) 


where  x  is  the  displacement  between  successive  data  points. 

It  may  be  seen  from  Equation  2-12  that  the  Wiener  spectrum  S(j) 
Is  symmetric  about  j=N/2  since 


exp(-2iri(N-j  )?./N)  =  exp  ( -+  2tt i j g, / N ) 


(2-14) 


Hence 


S(N-j)  -  S(j)  for  j=l,  2,  ....  N/2  (2-15) 

and  only  the  first  half  of  the  Wiener  spectrum  needs  to  be  evaluated. 
The  calculated  frequency  range  is  then 


1 

NAx 


< 


k  < 
x  ~ 


.  JL_ 

2  Ax 


(2-16) 


One-dimensional  Wiener  spectra  are  evaluated  both  c.ror s-track  (along 
scan  ilne)  and  in-track  (parallel  to  the  aircraft  flight  paths).  These 
are  average  spectra  since  Equation  2-12  was  used  to  transform  individual 
"lines"  of  data  and  the  transforms  have  been  averaged  over  a  number  of 


K 

I 


2-11 


"lines".  Since  the  Fourier  transform  algorithms  are  substantially  less 
expensive  if  the  number  of  points  transformed  is  a  power  of  2,  only  2n 
points  (n  was  mostly  9,  so  2n=512)  are  used  for  both  the  ci'oss-track 
and  in-track  "lines"  of  data.  The  middle  512  scan  lines  are  averaged 
to  obtain  the  cross-track  Wiener  spectra;  a  number  of  along-track  lines 
(usually  25)  equally  spaced  across  the  image  are  averaged  to  obtain 
the  in-track  Wiener  spectra.  Examples  of  in-track  and  cross-track 

Wiener  spectra  for  the  sample  area  are  shown  in  Figures  5  and  6.  The 

2 

units  of  power  density  are  (°K)  /cycle  per  meter  for  the  bands  above 


3  pm  and  (pW/cm  -sr • pm) * /cycle  per  meter  for  the  bands  below  3  pm. 


Because  of  the  multi-modal  nature  of  many  of  the  background  scenes, 
Wiener  spectra  are  limited,  as  mentioned  in  Section  1,  in  their  descrip¬ 
tion  of  false  alarms.  They  are,  however,  a  traditional  method  of  pro¬ 
ducing  spatial  phenomena  mathematically,  and  show  trends  which  are  help¬ 
ful  in  an  overall  appraisal  of  a  background  scene,  especially  in  rela¬ 
tion  to  other  scenes. 


2.3  DATA  UTILIZATION 

The  data  c.o  .ained  in  Section  3  were  collected  over  a  period  of  several 
years  for  a  variety  of  purposes.  There  exists  a  variety  of  problems  to 
which  data  of  this  type  are  directly  applicable.  In  some  cases,  data  may 
be  completely  appropriate  (right  wavelength,  time,  etc.)  to  a  particular 
problem.  While  in  other  situations,  it  will  be  desirable  to  use  the  data 
lnclude.d  herein  for  problems  for  which  the  measurements  are  not  directly 
analogous.  For  these  cases,  an  estimate  may  be  obtained  by  extrapolation 
from  or  interpolation  between  the  data  packages  of  Section  3.  For  example, 
estimates  of  the  background  characteristics  at  wavelengths  other  than  the 
precise  wavelengths  at  which  the  measurements  were  made  are  possible  using 
the  filter  characteristics  of  the  scanner  included  in  Appendix  A  and 
considering  atmospheric  effects.  In  the  thermal  bands,  blackbody  curves 
should  be  used  to  extrapolate  to  the  wavelength  of  interest,  whereas  in 
the  near  infrared  wavelengths,  the  solar  spectrum  is  used. 
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SPATIAL  FREQUENCY  (CYCLES/M) 


Area:  CAMP  A. 


Power  spectral  densit 
cycle/meter  for  the  4.5 


HILL  CROSS-TRACK  Wavelength  =  2.0-?. 6  (*),  4.5-5. 5  (+),  8.Q-14.0  (X) 
POWER  SPECTRA  -  AFTERNOON 

"2  - 1  T  O 

y  is  (pW-cm  -sr  -pm  )  /cycie/meter  for  the  2.0  to  2.6  pm  band,  and  (’K)2/ 
to  5.5  and  8.0  to  14.0  pm  bands. 


FIGURE  5.  POWER  SPECTRA  -  AFTERNOON  (CROSS-TRACK) 
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Area:  CAMP  A. P.  HILL  IN-TRACK  Wavelength'  2. 0-2. 6  {*),  4.5-5. 5  {+),  8.0-14.0  (X) 

POWER  SPECTRA  -  AFTERNOON 


O  I  in 

Power  spectral  density  1:-  (pW-cnf  -sr'  -pm"1)  /cycle/meter  for  the  2.0  to  2.6  pm  band,  and  ( ' K)Z/ 
cycle/mcter  for  tne  4.5  to  5.5  and  8.0  to  14.0  pm  bands. 


FIGURE  6.  POWER  SPECTRA  -  AFTERNOON  (IN-TRACK) 


In  both  cases,  the  variation  in  the  scene  emiasivity  and  reflectivity 
with  wavelength  will  introduce  some  uncertainty.  Additionally,  detailed 
atmospheric  measurements  were  not  made  and  some  uncertainty  will  exist 
due  to  atmospheric  effects.  However,  if  one  recognizes  the  uncertainties 
involved  due  to  these  effects,  an  estimate  of  the  background  character¬ 
istics  at  conditions  other  than  those  included  in  Section  3  is  feasible. 
The  accuracy  of  the  estimate  will  depend  on  both  the  closeness  of  desired 
data  conditions  to  those  included  herein  and  the  specific  background  and 
conditions  from  which  the  interpolation  is  made. 
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PHYSICAL  DESCRIPTIONS  AND  STATISTICAL  DATA  FOR  VARIOUS  SCENES 

This  Section  is  composed  of  data  packages  from  the  different  scenes 
from  which  imagery  was  obtained  under  various  environmental,  diurnal, 
and  seasonal  conditions.  Each  package  contains  the  following  in  this 
order. 

1.  Tables  giving  the  pertinent  environmental,  geographical,  and 
temporal  data  concerning  the  scene;  and  physical  data  on  the 
area  of  coverage,  spectral  coverage,  spatial  resolution, 
flight  direction,  and  depression  angle  (from  the  horizontal) 
of  the  scanner  look  direction. 

2.  Aerial  photograph  of  the  scene. 

3.  Scanner  imagery  of  the  scene  in  various  spectral  bands. 

4.  Greymaps  of  the  imagery  in  selected  spectral  bands,  designating 
the  chosen  areas  of  coverage  for  which  the  statistics  were  cal¬ 
culated.  Scanner  line  numbers  are  shown  on  the  side  of  the  map 
and  pixel  numbers  in  the  scan  line  on  the  top  or  bottom. 

Scanner  line  and  pixel  numbers  are  used  to  identify  the  location 
of  the  data  in  the  imagery.  See  Appendix  B  for  additional 
details.  Because  of  vertical-to-horizontal  asymmetry  of  scale  in 
the  line  printer  which  creates  the  greymaps,  picture  sizes  are 
not  to  scale.  The  dimensions  and  scanner  line  and  pixel  numbers 
are  included  on  the  picture  to  identify  the  area  represented. 

5.  Histograms  of  selected  portions  of  the  imagery  showing  tempera¬ 
ture  and/or  radiance  distributions  of  scene  elements  (pixels) 

for  various  spectral  bands.  Histograms  are  reported  as  probabil¬ 
ity  expressed  as  fraction  of  data  points  in  a  temperature  interval 
as  a  function  of  temperature  for  wavelengths  above  3  pm  and  as 
fraction  of  data  points  in  a  radiance  interval  as  a  function  of 
radiance  for  wavelengths  below  3  pm. 
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6.  Tables  showing  means  and  standard  deviations  for  various 
spectral  bands,  along  with  correlations  of  the  data  between 
pairs  of  spectral  bands.  The  total  number  of  points  (pixels) 
to  which  these  values  correspond  are  tabulated. 

7.  Selected  ellipse  statistics  in  two  forms:  distributions  of 
ellipses  in  terms  of  area,  perimeter,  and  shape  factor*,  and 
actual  ellipses  "pictures"  representing  the  events  from  which 
the  ellipses  were  calculated.  See  Section  2  for  description 
of  ellipse  representations.  In  the  ellipse  pictures,  the 
scanner  line  numbers  corresponding  to  those  on  the  greymaps 
are  prefixed  with  an  "L";  the  pixel  numbers  are  prefixed  with 
a  "P".  Thus,  line  50  is  L50,  pixel  75  is  P75. 

In  some  cases  one  will  note  a  discrepancy  between  the 
number  of  ellipses  tabulated  in  the  "Distribution"  table 
which  follows  each  ellipse  picture  and  the  apparent  number 
of  ellipses  in  the  corresponding  figure.  There  are  several 
reasons  for  these  occurrences  among  which  the  following 
are  the  chief  ones.  When  obvious,  glaring  noise  spikes 
were  encountered,  they  were  erased  from  the  pictures,  hut 
were  nevertheless  tabulated  by  the  computer  program.  This 
occurred  only  In  two  cases  which  are  designated  on  the 
appropriate  figures  and  tables.  Another  cause  is  the 
merging  of  small  ellipses  which  appear  as  one.  Finally, 
probably  the  major  cause  is  the  fact  that  the  Calcomp 
plotting  routine  apparently  simply  drops  ellipses  which 
are  below  a  certain  size.  Therefore,  when  this  discrepancy 
occurs,  it  happens  mainly  to  the  smallest  values  in  the 
tabulation,  which  covers  no  more  than  a  half  dozen  pixels 


*c,  „  .  Perimeter/2ir 

Shape  Factor  = - T7T ~ 

(area/ir; 

For  a  circular  area,  the  shape  factor  would  achieve  its  minimum  value  of 


unity. 
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or  so.  Since  the  tapes  containing  the  analyzed  data  can  be 
made  available  at  cost,  these  minutely  detailed  results  can 
be  retrieved  by  persons  interested  in  them. 

8.  One-dimensional  power  (Wiener)  spectra,  both  in  the  direction 
of  flight  and  across  the  flight  line,  for  various  spectral 
bands .  'these  are  called  respectively  the  in-track  and  cross¬ 
track  spectra.  See  Section  2  for  description  of  power  spectra. 

Table  2  and  Figure  7  are  included  here  to  help  the  reader  under¬ 
stand  how  the  energy  in  a  scene  is  distributed  among  selected  bands. 

One  may  discern  from  them  how  the  signals  in  different  spectral  regions 
relate  to  each  other.  Precise  correlations  cannot  be  obtained  from 
them,  however,  because  of  the  host  of  meteorological  and  physical  factors 
which  come  into  play.  They  might  be  used,  though,  to  infer  some  gener¬ 
alized  qualitative  behavior  in  the  histograms.  Table  2,  for  instance, 
shows  the  sunlight  radiance  reflected  from  a  diffuse  terrain  element 
on  line  1,  and  the  radiance  emitted  from  it  on  line  2,  in  the  various 
bands  indicated.  From  the  calculated  ratios,  it  is  seen  that  reflected 
sunlight  predominates  in  the  2. 0-2. 6  pm  band^can  be  equally  as  effective 
as  thermal  radiation  at  3. 5-3. 9  pm,  and  diminishes  in  effectiveness 
beyond.  One  important  factor  which  is  not  included  in  Table  2  is  the 
possible  strong  spectral  variability  of  the  emissivity  of  terrain 
material  which  could  affect  the  ratios  greatly.  The  emissivity  used 
for  Table  2  was  nominally  0.9.  Figure  7  shows  the  relative  amounts  of 
radiation  Jn  the  selected  thermal  bands  as  affected  by  absorption  in 
the  atmosphere. 
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2p 


Sun  (S) 
Thermal  (T) 
Ratio  a/S) 


TABLE  2.  COMPARISON  OF  REFLECTED  SOLAR 
IRRADIANCE  vs  THERMAL  RADIANCE  AT  THE 
CENTER  OF  DIFFERENT  CHANNELS 
"2  *.  -1 

(W-cm  -ster  -yin  ) 


2. 0-2. 6  ,nn 

3. 5-3. 9  urn 

4 . 5-5 . 5  um 

9.0-11.4  ym 

7.15  x  10"3 

2.55  x  10~5 

3.97  x  10~6 

2.59  x  10'7 

1.30  x  10-7 

4.03  x  10~5 

7.80  x  10~° 

9.87  x  lO-4 

1/550 

1.6/1 

19.7/1 

3800/1 
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BALTIMORE,  MARYLAND* 


Pertinent  Scene  and  Flight  Information 
(Date  of  Flight:  11  May  1972) 
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IB 

J3 

I 
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For  specific  discussions  of  these  and  associated  data  for  this  scenery, 
refer  to  Reference  1  . 
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BALTIMORE  Data 
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BALTIMORE,  MARYLAND 


•k 

Histograms 


Spectral  Bands:  1.0  -  1.4  pm 

2.0  -  2.6  |im 

9.3  -  11.7  pm 


Circles  del  ine  a  (iausslan  curve  with  the  same  lean  and  standard 
deviation  an  the  actual  histogram.  An  on  some  curves  indicates 

saturation.  Because  of  limits  on  gain  settings  some  values  may  exist 
beyond  t  Vie  digital  limits  of  0  and  259,  the  digital  dynamic  range  of 
the  data  processing. 
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BALTIMORE,  MARYLAND 

Means  and  Standard  Deviations  for  Spectral  Bands 

: k 

Correlations  Between  Spectral  Bands 


Spectral  Bands: 

Channel 

2: 

1.0  - 

1.4  pm 

,  „  -2  '1 
(pW-cm  -sr 

-1 

-pm 

Channel 

4: 

2.0  - 

2.6  pm 

,  „  -2  -1 
(pW-cm  -sr 

-1 

-pm 

Channel 

5: 

9.3  - 

11.7  pm 

(°K) 

c  ■  * 


These  data  were  obtained  with  the  li-7  scanner.  The  1.0-1. 4  and 
|  2. 0-2.6  pm  data  are  in  spatial  registration,  but  the  9.3-11.7  pm  data 

"  were  processed  separately  and  are  not  in  spatial  registration  with  the 

1.0-1. 4  and  2. 0-2.6  pm  data.  Hence,  spectral  correlation  coefficients 
have  not  been  determined  between  the  9.3-11.7  pm  data  and  either  the 
w  1.0-1. 4  pm  or  2. 0-2. 6  pm  data. 
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BALTIMORE 


Number  of  Subregions  =  1 
Pixel  Subarea  Divisions  at:  1 

Line  Subarea  Divisions  at :  1 

Line  Increment  Used  =  1 
Pixel  Increment  Used  =  1 

Correlation  Channels:  2  (1.0  - 

4  (2.0  - 

5  (9.3  - 


645 

500 


I. 4  ym) 
2.6  ym) 

II. 7  ym) 


Correlation 

2 

4 

2 

1.000 

4 

0.084 

1.000 

Channels 

Mean 

2 

2.1332E+03 

4 

7.8471E+01 

St.  Dev. 

7 .  7751E+02 

4 . 387  6E+01 

Total  Points 

269610 

269610 
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Area:  BALTIMORE  {Wavelength  =  1.0  -  1.4  urn) 

Rad’ance  Threshold  =  Mean  +  2.13  o 

Mean  =  2133.18  yW-cm  ^-sr  ^-ym  ^ 

-2  -1  -1 

Std.  Dev.  -a  -  777.81  yW-cm  -sr  -um 
EQUIVALENT  ELLIPTICAL  AREA5 
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DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 
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4025  ft 


Area:  BALTIMORE  (Wavelength  =1.0-1. 

Radiance  Threshold  -  Mean  +  3.40  a 
-2  -1  -1 

Mean  =  2133.18  yW-cm  -sr  -yin 
-2  -1 

Std.  Dev.  *  a  =  777.51  yW-cm  -sr  -y 
EQUIVALENT  ELLIPTICAL  AREAS 
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Area:  BALTIMORE  (Wavelength  =  9.3  -  11.7  pm) 
Temperature  Threshold  -  Mean  +  3.23  o 
Mean  =  299.13  Kelvin 
Std.  Dev.  =  o  =  5.89  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS 
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*rea  Threshold  =  Mean  +  3.90  a 

SQUARt  hetfhs  FRf.ouENC y  Wavelength  =  9.3  -  11.7  urn 

Mean  =  299.13  Kelvin 
a  =  5.89  Kelvin 
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BLACK  HILLS,  SOUTH  DAKOTA 


Pertinent  Scene  and  Flight  Information 
(Date  of  Flight:  22  July  1969) 


For  spi  cific  discussions  of  these  and  associated  data  for  this  scenery, 
refer  to  Reference  1. 
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2ERIW 


BLACK  HILLS-1  Data 


Wavelength  Bands: 


1.0-1. 4  Mm,  2. 0-2. 6  tun,  4. 5-5. 5  pm,  8.0-13.5  pm 
1FOV :  3.5  mrad  (cross-track);  6.6  mrad  (in-track) 


Altitude:  1500  ft 


Time:  1330  hrs 


Depression  Angle:  90° 


Flight  Direction:  East 


Ground  Speed:  ^200  ft-sec 

Area  Covered  (Approx.):  1150  ft  wide  x  7100  ft  long 

(1.0-1. 4  pm,  2. 0-2. 6  pm,  4. 5-5. 5  pm) 

1150  fL  wide  x  7200  ft  long 
(8.0-13.5  pm) 

Meteorology:  Visibility  >  15  mi;  clear  day,  dry; 
cloud  cover  10% 


BLACK  HILLS-2  Data 


Wavelength  Bands: 

1.0-1. 4  pm,  1.5-1. 8  pm,  2. 0-2. 6  pm 

1F0V:  3.5  mrad  (cross-track);  6.6  mrad  (in-track) 


Altitude:  1500  ft 


Depression  Angle :  90° 


Time :  1 330  hrs 


Flight  Direction:  East 


Ground  Speed:  ^200  ft-sec 

Area  Covered  (Approx.):  2400  ft  wide  x  7200  ft  long 

Me teorology :  Visibility  >  15  mi;  clear  day,  dry; 
cloud  cover  10% 
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*  t 
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8.0  -  13.5  ym 


LINE  SCAN  IMAGES  PRODUCED  FROM  THE  VARIOUS 
INFRARED  CHANNELS  OF  BLACK  HILLS-1 


3.2-4 


#1*1111, 


2,0  -  2.6  pm 


L  . 

i  link  scan  walks  produced  from  thi;  various 

INFRARED  CHANNELS  OF  BLACK  HILLS-2 


h 


3.2-5 


RADIANCE  IN  uW-cm' 


Area:  BLACK  HILLS-’  Wavelength  =  4.5  -  5.5  pm 

Mean  =  294.56 
Std.  Dev.  =  2.34 


3.2-13 


RADIANCE  IN  yW-i 
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I 


I 


I 


uo-mii  ero/noioi  jo  Noiioeuj)  uniadsoyd 


47.2 

54.8! 


Wavelength  =  2.0  -  2.6  ym 


BLACK  HILLS,  SOUTH  DAKOTA 


Means  and  Standard  Deviations  for  Spectral  Bands 
Correlations  Between  Spectral  Bands 


1.0  - 

1.4 

ym 

,  „  -2  -1  -1 

(pW-cm  -sr  -pm 

_2  -i  -l 

1.5  - 

1.8 

ym 

(pW-cm  -sr  -pm 

2.0  - 

2.6 

ym 

,  „  -2  -1  -1 
(pW-cm  -sr  -pm 

4.5  - 

5.5 

ym 

(°K) 

8.0  - 

13. 

5  ym 

(°K) 

The  Black  Hills-1  data  were  collected  with  an  M-5  scanner  with  thermal 
calibration  plates  in  part  of  the  scanner  f ield-of-view.  The  8.0-13.5  pm 
detector  and  the  1.0-1. 4,  2. 0-2. 6,  4. 5-5. 5  pm  detectors  were  on  opposite 
ends  of  the  scanner  and  are  not  in  spatial  registration.  Hence,  spectral 
correlation  coefficients  have  not  been  determined  between  the  8.5-13.5  pm 
data  and  the  1.0-1. 4,  2. 0-2.6,  or  4. 5-5. 5  pm  lata. 


3.2-17 


2jp_ 


Bj^ACK  HILLS-1 


Number  of  Subregions  =  1 
Pixel  Subarea  Divisions  at:  1  311 

Line  Subarea  Divisions  at:  10  732 

Line  Increment  Used  =  1 


Pixel  Increment  Used  =  1 

Correlation  Channels:  2  (1.0  -  1.4  pm) 

4  (2.0  -  2.6  pm) 

5  (4.5  -  5.5  pm) 

12  (8.0  -  13.5  pm) 


Correlation 

2 

4 

5 


2  4  5 

1.000 

0.505  1.000 

-0.166  0.498  1.000 


Channels 
Mean 
St.  Dev. 
Total  Points 


2 

4 

5 

12 

1. 7990E+03 

1. 0556E+02 

2. 9456E+02 

2 . 9395E+02 

6. 1770E+02 

5. 5347E+01 

2. 3389E+00 

2. 3831E+00 

224130 

224130 

224130 

425630 

3.2-18 


Term 


BLACK  HILLS-2 


Number  of  Subregions  =  1 

Pixel  Subarea  Divisions  at:  1  645 

Line  Subarea  Divisions  at:  2  728 

Line  Increment  Used  *  1 

Pixel  Increment  Used  =  1 

Correlation  Channels:  3  (1.5  -  1.8  pm) 

5  (1.0  -  1.4  vim) 
7  (2.0  -  2.6  pm) 


Correlation 

3 

3 

1.000 

5 

7 

5 

0.743 

1.000 

7 

0.908 

0.518 

1.000 

Channels 

3 

5 

7 

Mean 

4. 4721E+Q2 

1.602 7E+G3 

9. 0510E+01 

St.  Dev. 

1. 5485E+02 

4. 6380EK' 2 

3.8712E+01 

Total  Points 

468915 

46897  i 

468915 

BLACK  HILLS,  SOUTH  DAKOTA 


Ellipse  Statistics 


Spectral  Bands: 


1.0  -  1.4  pm 
1.5  -  1.8  pm 
8.0  -  13.5  pm 


( 

I  FJSCF.DIKO  PAG*  BUNK-TOT  F. 
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BLACK  HILLS-1 


DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


Threshold  =  Mean  +  2.52  o 
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BLACK  IIILLS-1 

DISTRIBUTION  01  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 
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DISTRIBUTION  OK  LLLlPiICAL  AREAS  GREATER  THAN  THRESHOLD 
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DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 
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Power  Spectral  Density  is  (pW-cm  -s r  -pn  ]  /cycWnetar  for  1.0  tc  1.4  ym  and 
2.0  to  2.6  yn  bands  and  ('’K)'7cycie/reter  for  4.5  to  5.5  pm  band. 


Power  Spectral  Density  is  (“K^/cycle/meter  for  8.0  to 
1 3. 5  yn  oand . 
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Area:  BLACK  HILLS-1  IN-TRACK  Wavelength 
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Power  Spe  *ral  Density  is  (*K) V cycle/meter  for  8.0  to 
13.5  ian  band. 
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CAMP  A.P.  HILL,  VIRGINIA* 


Pertinent  Scene  and  Flight  Information 
(Dates  of  Flights:  28,29,30  March  1978) 


Tk 

For  specific  discussions  of  these  and  associated  data  for  this  scenery 
refer  to  Reference  5.  Note  also  that  in  the  A.P.  Hill  data  approximately 
10  vehicle  targets  are  located  in  the  area.  In  the  following  statistics 
most  of  the  features  remaining  above  the  highest  radiance  and  temperature 
thresholds  are  targets. 
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TORMATION  ABOUT  DIURNAL  CAM!'  A.P.  HILL,  VIRGINIA  DATA 
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GREYMAP  OK  CAMP  A.P.  HThL  AREA  -  KVK.N  I  N(i 
(L'inu:  1830,  A>. :  4.3-3.  )  pm) 
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CRE’iMAP  OF  CAMP  A.P.  HILL  AREA  -  MIDNIGHT 
(Time:  2  330,  AA  :  4. 5-5. 5  ,jm) 
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CAMP  A.  P.  HILL,  VIRGINIA 


Histograms 


Spectral  Bands:  2.0  -  2.6  pm 
4.5  -  5.5  urn 
8.0  -  14.0  pm 


§  r . 


Circles  define  a  Gaussian  curve  with  the  same  moan  and  standard 


deviation  as  the  actual  histogram. 


on  some  curves  ^ndicrtes 


saturation.  Because  of  limits  on  gain  settings  some  vales  may  exist 
beyond  the  digital  limits  of  0  and  255,  the  digital  dynamic:  range  of 
the  data  processing. 


Wavelength  a  8.0  -  14.0  uh 
Kean  =  283.44 
Std.  Dev.  =2.31 


Will  -  Afternoon  Wave' er ot*s  =  2.0  - 
Hear.  =  62.36 


$  2jp 


3.3-17 


Area:  Camp  A.P.  Hill  -  Evening  Wavelength  =  a. 5  -  5.5  ura 

Mean  *  282.89 
Std.  Dev.  =1.17 


Area:  Camp  A.P.  Hill  -  Midnight  Wavelength 
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f  # 
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Term. 


CAMP  A. P .  HILL,  VIRGINIA 

Means  and  Standard  Deviations  Cor  Spectral  Bands 

k 

Correlations  Between  Spectral  Bands 


Spectral  Bands:  Channel  2 
Channel  4 
Channel  5 


2.0  -  2.6  pm  (pW-cm  ^-tr  ^-pm 
4.5  -  5.5  pm  (r'K) 

8.0  -  14.0  pm  (°K) 


Because  of  the  relatively  small  temperature  changes  in  the  scenery, 
there  Is  a  nearly  linear  relationship  between  the  temperature  and  radiance 
statistics  for  the  thermal  channels.  It  is  pertinent,  therefore,  to  compute 
correlations  between  radiance  and  temperature  channels. 
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. . " 111  t'1  i.lStliri  j.  ,,„i. . . . 


#  2jp 


STATISTICS  UF  THE  MORNING  SCENE 


*  :* 


Number  oi  Subregions  =  1 
Pixe]  Subarea  Divisions  at:  1  855 

Line  Subarea  Divisions  at:  1  700 

Line  Increment  Used  =  1 
Pixel  Increment  Used  -  1 

Correlation  Channels:  2  (2.0  -  2.6  um) 

4  (4.5  -  5.5  (jm) 

5  (8.0  -  14.0  -im) 


Correlat ion 


4  5 


2  1.000 

4  0.841  1.000 

5  0.760  0.905  1.000 


Channels 


2 


4 


Mean 

St.  Dev. 


5 . 9364E-t-01  2.8377E+02 

2 . 7030E+01  2 , 5920E+00 


Total  Points  589260. 


589260. 
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5 

2.8344E+02 

2.3146E+00 

589260. 


STATISTICS  OF  THE  AFTERNOON  SCENE 


Number  of  Subregions  =  1 


Pixel  Subarea  Divisions  at 

:  1 

855 

Line  Subarea  Divisions  at: 

1 

704 

Line  Increment  Used  =  1 

Pixel  Increment  Used  =  1 

Correlation  Channels:  2 

4 

5 

(2.0  - 
(4.5  - 
(8.0  - 

2.6  pm) 
5.5  pm) 
14.0  pm) 

Correlation 

2 

2 

1.000 

4 

5 

4 

0.782 

1.000 

5 

0.636 

0.882 

1.000 

Channels 

2 

4 

Mean 
St.  Dev. 


6 . 23  56E+01  2 . 8569E+02 

2.4785E+01  2 . 2922E+00 


Total  Points  597800. 


597800. 


5 

2.8654E+02 

.7390E+00 

597800. 
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STATISTICS  OF  THE  EVENING  SCENE 


Number  of  Subregions  =  1 

Pixel  Subarea  Divisions  at:  344  855 

Line  Subarea  Divisions  at:  1  700 

Line  Increment  Used  =  1 

Pixel  Increment  Used  =  1 

Correlation  Channels:  4  (4.5  -  5.5  iim) 

5  (8.0  -  14.0  )im) 


Correlation 

4 

5 


4  5 

1.000 

0.767  1.000 


Channels 

Mean 
St.  Dev. 

Total  Pt6. 


4 

2.8289E+02 

1.1683E+00 

357700. 


5 

2.8116E+02 

1.7043E4-00 

357700. 
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2Fri 


% 


STATISTICS  OF  THE  MIDNIGHT  SCENE 


Number  of  Subregions  =  1 

Pixel  Subarea  Divisions  at.  384  895 

Line  Subarea  Divisions  at:  1  1000 

Line  Increment  Used  =  1 

Pixel  Increment  Used  =  1 

Correlation  Channels:  4  (4.5  -  5.5  urn) 

5  (8.0  -  14.0  pm) 


Correlation  4  5 

4  1.000 

5  0.669  1.000 


Channels 

4 

5 

Mean 

2.8200E+02 

2.7950E+02 

St.  Dev. 

1.2626E+00 

1 . 5362E+00 

Total  Pts. 

504357. 

504357. 
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2?ri 


CAMP  A.P.  HILL,  VIRGINIA 


* 


Ellipse  Statistics 


Spectral  Bands:  2.0  -  2.6  pm 
A .  5  -  5.5  yin 
8.0  -  14.0  pm 


Target  locations  (approximately  10)  are  designated  by  X's  in  some 
of  the  pictures.  Not  all  targets  are  necessarily  observed.  The  stress 
in  this  backgrounds  handbook  is  not  on  targets,  which  are  considered 
incidental  in  tills  work.  Most  of  the  persistent  features  in  the  long 
wavelength  regions,  however,  are  targets. 
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P428 


HORNING 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


MY  AREA 
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0 

7S.0 

TO 

ioo.o 

0 

4 

a  ' 

100.0 

TO 

iso.o 

1 

4 

ISfl.O 

TU 

200.0 

2 

200.0 

TO 

.■'SO.O 

1 

2b0.0 

TO 

100 . 0 

1 

loo.o 

iU 

000.0 

2 

* 

0  0  0.0 

TO 

s  n  o .  o 

1 

•  t 

OVER 

StfO.O 

s 

Wavelength  s  2.0  -  7. 6  pin 

-?  -1 

Mean  =  S9.36  oW-cm  -sr  -mu 

-?  - l  -1 

o  s  27.03  ji W-cm  -sr  -pm 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  666 


9£S  EE  A  I  UHt  H  WITH  A  l<  T  A  S  l,t9S  THAN  0,60  80,  MET!  MS  HI  RE  ALSO  HtUUiNIZFG 


i; 

. 


* 

I 


t 


HY  Util  I  ME  TEH 

II V 

SHAPE 

ML  T 1  US 

■ 

EtLT 

FREQUENCY 

SHARE 

1  At  TOR 

f  Rf  0111. ML  Y 

0 

10 

7 

0 

TO 

22 

102 

0.0 

TO 

1 

0 

0 

7 

TO 

10 

22 

10 

12 

96 

1  .0 

TO 

1 

1 

0 

10 

TO 

12 

12 

TO 

19 

02 

1 . 1 

TO 

1 

2 

P» 

12 

TO 

10 

19 

TO 

OS 

11 

1.2 

TO 

1 

3 

1  7 

10 

10 

16 

os 

TO 

S2 

22 

1.1 

TO 

l 

0 

!  on 

If. 

TO 

17 

•j  2 

TO 

SS 

6 

1  .0 

TU 

1 

s 

bo 

1  7 

TO 

20 

*>S 

TO 

f.S 

20 

J  ,  s 

TO 

1 

6 

69 

2o 

TO 

ft 

6‘. 

TO 

72 

1  1 

1  .6 

TO 

1 

7 

93 

22 

TO 

20 

72 

TO 

7« 

IS 

1  .7 

10 

1 

0 

OH 

20 

TO 

26 

78 

To 

AS 

7 

1  ,8 

TO 

1 

*v 

19 

26 

TO 

28 

OS 

TO 

91 

7 

1  .8 

TO 

2 

b 

10 

2t) 

TO 

10 

91 

TO 

90 

6 

2.0 

TU 

2 

0 

79 

10 

TO 

12 

9(J 

TU 

100 

id 

2,0 

To 

2 

i, 

3  0 

12 

TO 

19 

1  00 

TO 

127 

9 

2,6 

10 

2 

8 

lb 

19 

TO 

OS 

127 

TO 

107 

IT 

2,6 

TO 

i 

0 

16 

OS 

TO 

ss 

107 

TU 

1  60 

1  2 

1.0 

TO 

3 

s 

1  6 

ss 

TO 

71 

180 

TO 

232 

10 

S.‘- 

TO 

0 

0 

1  3 

71 

TO 

100 

212 

TO 

128 

11 

O.o 

TO 

0 

c 

, 

1 

OVtH 

100 

OVC  H 

128 

2b 

OVf  H 

0 

s 

1  7 

3.3-29 


MORNING 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


Hr  arf/ 


SQUARE  MfTFHS 

FREQUENCY 

0.6 

TO 

S.O 

1  !  7 

s.o 

ru 

10.0 

It 

in.o 

TO 

1S.0 

<i 

1S.0 

Tu 

20.0 

2 

20.0 

TO 

2S,  U 

0 

25. n 

TO 

30.0 

1 

30.0 

10 

35.0 

0 

3S.0 

TO 

0  0 . 0 

1 

00.0 

TO 

45,0 

0 

OS  ,  0 

TU 

So.o 

1 

So.n 

TO 

TS.O 

0 

75.0 

ro 

10. i.o 

9 

10  0.  *1 

111 

1S(I.  o 

0 

150.0 

TO 

20  0.0 

0 

2(10.0 

TO 

2S|).0 

0 

210.0 

TO 

300.0 

0 

300.0 

TO 

0  0  0.0 

0 

uoo.n 

TO 

so,. .  1) 

0 

OVER 

SO  0.0 

1. 

Threshold  =  Mean  +  2.50  a 

Wavelength  =  2.0  -  2.6  pm 

-?  -1 

Mean  =  59.36  pW-cm  -sr  -pm 
a  =  27.03  pW-cm  ^-sr  ^-pm  ^ 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  |  37 


2ii  Ft'* runes  «ith  areas  cess  than  a.ao  so.  utters  went  also  recognized 


by  PERl«r 

TFR 

BY  ", 

HA  PC 

METERS 

FMT 

FREQUENCY 

SHAPE.  K 

ACTOR 

FRF  OVIE 

0 

TO 

7 

0 

TO 

22 

7» 

0.0 

TO 

1  .0 

0 

7 

TO 

10 

22 

Tu 

32 

23 

1  .8 

TU 

1  .  1 

*) 

10 

12 

ro 

Tit 

12 

10 

32 

30 

TO 

TU 

39 

45 

7 

0 

1.1 

1  .2 

TU 

TU 

1.2 

1 . 3 

0 

A 

10 

TO 

lb 

<15 

TU 

52 

5 

'  .  3 

TU 

1  .  o 

V 

1  b 

TO 

1  7 

52 

To 

55 

2 

1  .  « 

TO 

1  .5 

a 

17 

TO 

20 

SS 

TO 

AS 

1 

1  .5 

TU 

1  .  A 

1  H 

20 

TO 

22 

AS 

Til 

72 

3 

1  .  A 

TO 

1  .  7 

?4> 

22 

TO 

20 

72 

TU 

78 

3 

1  .7 

TO 

1  .8 

1  3 

20 

TO 

2b 

78 

T(l 

85 

2 

1 .8 

TO 

'  .  9 

7 

20 

TO 

28 

85 

Tu 

01 

•  1 

t  .9 

TU 

2.0 

(y 

28 

TO 

30 

91 

TO 

08 

t 

2.9 

TU 

2,4 

IS 

30 

ro 

32 

OR 

TO 

1  nu 

1 

2.0 

TU 

2 .  A 

a 

.32 

ro 

39 

100 

TO 

127 

2 

2.  A 

TO 

2.8 

u 

30 

TO 

«1 

127 

TO 

14  7 

1 

2.8 

TO 

3.0 

4 

05 

55 

TO 

TO 

SS 

71 

107 

1  80 

TO 

Til 

1  All 

232 

1 

3.0 

3.5 

TU 

TU 

3.5 

9.0 

1 

0 

71 

TO 

100 

232 

TO 

32A 

0 

9.0 

TO 

9.5 

2 

OVER 

100 

ovt-r 

320 

1 

nv 

?  W 

9.5 

0 

3.3-31 


2pt 


MORNING 

DISTRIBUTIONS  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 


SQUARE  MEIERS 

FREQUENCY 

0.4 

TO 

5.0 

267 

5.0 

TU 

>0.0 

50 

>0.0 

TO 

>5.0 

>8 

>5.0 

TO 

20.0 

>0 

20.0 

TO 

25.0 

7 

25.0 

TO 

30.0 

3 

30.0 

TO 

35.0 

2 

15.0 

TO 

40.0 

3 

OO.'O 

TO 

45.0 

2 

45.0 

TO 

50.0 

3 

50.0 

TO 

75.0 

3 

/U.C 

TO 

>00.0 

2 

>00.0 

TO 

>50.0 

2 

>50.0 

TO 

200.0 

0 

200.0 

TO 

250.0 

0 

250.0 

TO 

300.0 

0 

300.0 

TO 

400.0 

0 

400.0 

TO 

500.0 

0 

OVER 

500.0 

0 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  572 


Threshold  =  Mean  +  2.50  a 
Wavelength  =  4.5  -  5.5  urn 
Mean  =  283.77  Kelvin 
o  =  2.59  Kelvin 


205  Ft A IURE3  hITH  areas  less  than  0, AO  so.  meters  here  ALSO  RECOGNIZED 


BY  PERIMETER 


BY  SHAPE 


m*TFRS  FEET  FREQUENCY 


shape  Factor  frequency 


0 

ro 

7 

0 

TO 

22 

7 

tn 

>0 

22 

TU 

32 

>0 

TO 

>2 

32 

TO 

39 

>2 

to 

>4 

39 

Tn 

45 

>4 

TO 

>6 

45 

TU 

52 

>6 

TO 

>7 

52 

TO 

55 

>7 

TO 

20 

55 

TO 

65 

20 

TU 

22 

65 

TO 

72 

22 

TO 

24 

72 

TO 

78 

24 

TO 

26 

78 

TU 

85 

26 

TO 

28 

85 

TO 

91 

28 

TO 

30 

91 

TO 

98 

30 

TU 

32 

98 

TO 

>04 

32 

TO 

39 

>04 

TO 

127 

39 

TO 

45 

127 

TO 

147 

45 

TO 

55 

>47 

TO 

180 

55 

TO 

71 

>60 

TO 

232 

7  > 

TO 

100 

212 

TU 

328 

OVER 

100 

Oyer 

328 

165 

50 

28 

27 

9 

6 

25 

6 

5 
8 
b 
2 
2 
8 
9 
2 
4 

6 
6 


0.0 

TO 

1.0 

0 

1.0 

TU 

l.t 

0 

1.1 

TO 

1.2 

17 

1.2 

TO 

1.3 

17 

1.3 

TU 

1.4 

80 

1.4 

TO 

1.5 

49 

1.5 

TO 

1.6 

27 

1.6 

TO 

1.7 

39 

1.7 

TO 

1.8 

31 

1.8 

TO 

1.9 

24 

1.9 

TU 

2.0 

19 

2.0 

TO 

2.4 

3b 

2.4 

TO 

2.6 

9 

2.6 

TU 

2.8 

5 

2.8 

TU 

3.0 

5 

3.0 

TO 

3.5 

H 

3.5 

TU 

4.0 

3 

4.0 

TO 

4.5 

2 

OVER 

4.5 

1 

3.3-33 


P428 


% 


%  « 


/4* 

• ; 

•  O  * 


* 


o 


# 


1400  ft 


Camp  A.P.  Hill  (Wavelength  =  4.5  -  5.5  pm) 
Temperature  Threshold  =  Mean  +  3.00  o 
Mean  =  233.77  Kelvin 
Std.  Dev.  =  o  =  2.59  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  MORNING 


3.3-34 


r 


-f 


MORNING 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AKEA 


Threshold  =  Mean  +  3.00  o 


SUUARE  METFR3 


freouency  Wavelength  =  4.5  -  5.5  ym 


0.6 

TO 

5.0 

174 

Mean 

=  283.77  Kelvin 

5,0 

TO 

10,0 

22 

10.0 

TO 

15,0 

6 

0  = 

2.59  Kelvin 

15.0 

TO 

20.0 

3 

20.0 

TO 

25,0 

2 

25. 0 

TO 

30.0 

2 

30.0 

TO 

35.0 

0 

JS.O 

TO 

40.0 

0 

oo.'o 

TO 

45.0 

0 

45.0 

TO 

50.0 

0 

50.0 

TO 

75,0 

0 

75.0 

TO 

100.0 

0 

100.0 

TO 

150.0 

0 

150.0 

TO 

200.0 

0 

200.0 

TO 

250.0 

0 

250.0 

TO 

300.0 

0 

300.0 

TO 

400.0 

0 

000.0 

TO 

500.0 

0 

OVER 

500.0 

0 

TOTiVL  NUMBER  OF  ELLIPTICAL  AREAS  - 

211 

131  FE.TlIRES 

HlTH  AREAS  LESS 

THAN  0,60 

so. 

METERS  WERE  ALSO  RECOGNIZED 

HY  PERIMETER 

by  shape 

METERS 

• 

FEET 

FREQUENCY 

shape  factor  fheouency 

0 

in 

7 

0 

TO 

22 

101 

0.0 

TO 

1,0 

0 

7 

Tn 

10 

22 

TO 

32 

44 

1.0 

TO 

1.1 

0 

10 

Til 

12 

32 

TO 

39 

14 

1.1 

TO 

1.2 

9 

12 

TO 

14 

39 

TO 

45 

B 

1.2 

TO 

1.3 

8 

14 

TO 

10 

45 

TO 

52 

1  1 

1.1 

TO 

1.4 

42 

16 

TO 

17 

5? 

Til 

55 

l 

1.4 

TO 

1.5 

28 

17 

TO 

20 

55 

TO 

65 

10 

1.5 

TO 

1.6 

24 

20 

Tn 

22 

65 

TO 

72 

6 

1  .6 

TO 

1.7 

29 

22 

TO 

24 

72 

TO 

78 

4 

1.7 

TO 

1.8 

18 

24 

TO 

26 

78 

TO 

85 

0 

1.8 

TO 

1.9 

17 

26 

TO 

28 

85 

TO 

91 

2 

1.9 

TO 

2.0 

1  l 

28 

TO 

30 

91 

TO 

98 

3 

2.0 

TO 

2.4 

21 

30 

in 

32 

98 

TO 

104 

2 

2.4 

TO 

2.6 

3 

32 

TO 

39 

104 

TO 

127 

3 

2.6 

TO 

2.8 

0 

19 

TO 

45 

127 

TO 

147 

1 

2.8 

TO 

3.0 

0 

45 

TO 

55 

147 

TO 

180 

1 

3.0 

TO 

3,5 

1 

S5 

m 

71 

teo 

TO 

232 

0 

3.5 

TO 

«.0 

0 

71 

TO 

100 

232 

TO 

328 

0 

4.0 

TO 

4.5 

0 

OVER 

too 

OVER 

328 

0 

OVER 

4.5 

0 

3.3-35 


0  + 


1400  ft 


tamp  A.P.  Hill  (Wavelength  =  6.0  -  14.0  ijrii) 
Temperature  Threshold  =  Mean  +  2.50  u 
Mean  -  283.44  Kelvin 
Std.  Oev.  =  o  *=  2.31  Kelvin 
EQUIVALENT  ELI  Il’TICAL  AREAS  -  MORNING 


3.3-36 


2p _ 

MORNING 

Distribution  of  elliptical  areas  greater  than  threshold 

*  Threshold  =  Mean  +  2.50  a 


stiUAHt  meters  frequency  Wavelength  =  8.0  -  14.0  ym 


0.6 

TCI 

5.0 

3 1 9 

Mean 

=  2C3.44  Kelvin 

5.o 

TO 

10.0 

59 

1  0.0 

TO 

15.0 

15 

0  = 

2.31  Kelvin 

15.0 

TO 

20.0 

14 

2a.o 

TU 

25.0 

5 

25. o 

TO 

10.0 

1 

10,0 

TO 

15.o 

4 

35.0 

TO 

«0. 0 

0 

oo  :o 

TO 

0  5,0 

? 

45.0 

TO 

50.0 

1 

5n.o 

TO 

75.0 

4 

75.0 

TU 

100.0 

2 

1  oo  ,u 

TO 

150.0 

1 

15  0,0 

TO 

200.0 

0 

?00 ,0 

TU 

250,0 

0 

25  J .  0 

TO 

100.0 

0 

loo  .0 

TU 

ooo.c 

0 

«oo,o 

TO 

500.0 

0 

OVER 

500.0 

0 

'AC  NUMBER  OF  EELIETI^AL  AREAS  - 

<129 

111  EEAIURES 

WITH  AREAS  LtSS 

THAN 

0,60  SO. 

meters  here  also  recognized 

6Y  perimeter 

BY  SHAPE 

MEIERS 

FEET 

FREQUENCY 

shape  eacuih  FREQUENCY 

0  TO 

7 

0 

TO 

22 

196 

0.0 

TO 

1.0 

0 

3 

7  TO 

1  0 

22 

TO 

32 

56 

1.0 

TU 

1  . 1 

0 

"ii 

10  TO 

12 

12 

TO 

39 

29 

1.1 

TO 

1.2 

16 

•J 

1?  TO 

14 

39 

TO 

45 

30 

1.2 

TU 

1  .3 

35 

t 

IP  TO 

16 

45 

TO 

52 

16 

1.3 

TO 

1.4 

76 

= 

16  10 

1  7 

52 

TO 

65 

6 

1.4 

TO 

1  .5 

54 

1 

17  10 

20 

55 

TO 

65 

15 

1  .5 

TU 

1  .6 

29 

20  10 

22 

65 

TO 

72 

15 

1  .6 

TO 

1  . 7 

47 

! 

22  10 

24 

72 

TO 

76 

7 

1.7 

TU 

1  .6 

27 

i 

24  TO 

26 

76 

TO 

65 

6 

1  .8 

TU 

1  ,9 

2  1 

j 

26  TO 

26 

65 

to 

91 

5 

1  .9 

TO 

2,0 

20 

;J 

26  1 0 

30 

91 

TO 

98 

6 

2,0 

TO 

2.4 

55 

30  TO 

32 

96 

TO 

104 

4 

2.4 

TO 

2,6 

15 

| 

12  TO 

19 

104 

TO 

127 

10 

2,6 

TO 

2,6 

6 

I 

39  10 

45 

127 

TO 

147 

5 

2.8 

TO 

3,0 

6 

-J 

45  10 

55 

147 

TO 

160 

2 

3.0 

TO 

3,5 

4 

56  TO 

71 

180 

TO 

232 

6 

3.5 

TO 

4.0 

6 

i 

7  1  TO 

loo 

232 

TO 

326 

6 

4.0 

TO 

4.5 

5 

fl 

ovt  H 

1  00 

OVER 

328 

4 

OVER 

4,5 

1 

i 

3.3  37 


1400  ft 


Camp  A.P.  Hill  (Wavelength  =  8.0  -  14.0  pm) 
Temperature  Threshold  =  Mean  +  3.00  a 
Mean  =  283.44  Kelvin 
Std .  Dev.  =  a  =  2.31  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  MORNING! 
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MORNING 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


HY 

AREA 

Threshold  =  Moan  +  3.00 

a 

jj 

Square 

METERS 

FREOUENCY 

Wavelength  =  8.0  -  14.0 

nm 

- 

0.6 

TO 

5.0 

210 

Mean  =  283.44  Kelvin 

--j 

5.0 

TO 

10,0 

r> 

10.0 

TO 

15.0 

4 

a  =  2.31  Kelvin 

i 

15.0 

TO 

20.0 

4 

i 

20. 0 

TO 

25.0 

0 

-i 

25.0 

TO 

TO  ,0 

1 

-= 

30.0 

TO 

55. 0 

0 

-  -  -  3 

35.0 

TO 

00.0 

0 

g 

00^0 

10 

05.0 

0 

as.o 

TO 

50. 0 

0 

=i 

50.0 

TO 

75.0 

0 

75.0 

TO 

10  0,0 

0 

100.0 

TO 

150.0 

0 

% 

1  5  o  .  o 

TO 

^00,0 

0 

“1 

200.0 

TO 

250 . 0 

0 

250.0 

TO 

300.0 

0 

300  ,  0 

TO 

400 . 0 

0 

OyO  .  0 

TO 

500,0 

0 

4 

OVER 

500. 0 

0 

1U17VL  NUMBER  OF  ELLIFI ICAL 

ARFAS  -  238 

229  FEATURES 

WITH  AREAS 

LESS  than  o. 

60  SQ,  METERS  HERE  AL 30  RECOKNUEO 

1 

BY  Pf.R  1  Mfc. TE  R 


'  HY  SKA PE 


METERS 

FEET 

FREQUENCY 

SHAPE 

FACTOR 

FREOUENCY 

0  TO 

7 

0 

TO 

22 

101 

0,0 

TO 

1.0 

0 

7  TO 

10 

22 

TO 

32 

03 

1.0 

TU 

1.1 

0 

1 

10  TO 

12 

32 

TCI 

39 

12 

t  .  1 

TO 

1.2 

1  0 

.J 

12  TO 

10 

39 

TU 

05 

1 1 

t.2 

TO 

1.3 

26 

j 

10  TO 

16 

05 

TO 

52 

5 

1.3 

TO 

1.0 

58 

3 

16  TO 

17 

52 

TO 

55 

0 

1.0 

TO 

1  .5 

36 

17  TO 

20 

55 

TO 

65 

6 

1.5 

TU 

1  .6 

20 

20  TO 

22 

65 

TU 

72 

0 

1.6 

TU 

1  .7 

31 

22  TO 

20 

72 

TO 

78 

1 

1.7 

TU 

1  .8 

15 

i 

20  TO 

26 

78 

TU 

85 

3 

1.8 

TU 

1  .9 

8 

* 

26  TO 

28 

85 

TO 

91 

1 

1.9 

TU 

2.0 

9 

2B  TO 

30 

91 

TO 

98 

1 

2.0 

TCI 

2.0 

'  15 

30  TO 

32 

9  rt 

TO 

100 

2 

2.0 

TU 

2.6 

6 

32  TO 

39 

100 

TO 

127 

0 

2.6 

TO 

2.6 

1 

: 

39  TO 

05 

127 

TO 

1  0  7 

2 

2.8 

TU 

3.0 

2 

■j 

05  TO 

55 

107 

TO 

180 

2 

3.0 

TU 

3.5 

1 

• 

55  TO 

71 

ten 

TO 

232 

0 

3,5 

TU 

0,0 

0 

I 

71  TO 

100 

232 

TQ 

328 

0 

0.0 

TU 

0.5 

0 

OVt  R 

ioo 

OVER 

328 

0 

OVER 

0.5 

0 

% 

1 

1 


3.3-39 


. 


AFTERNOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


by  area 


ihreshold  =  Mean  +  2.00  o 

Wavelength  =  2.0  -  2.6  pm 

-2  -1  -1 

Mean  =  62.36  pW-cm  -sr  -pm 
-2  -1  -1 

o  =  24.79  pW-cm  -sr  -pm 


square  meters  frequency  Wavelength  =  2.0  -  2.6  pm 

-2  -1 

0.6  TO  5.0  237  Mean  =  62.36  pW-cm  -sr  -pm 

5.0  TO  10,0  25  -2  -1  -1 

10.0  TO  15.0  9  O  =  24.79  pW-cm  -sr  -pm 

15,0  TO  20.0  7 

20,0  TO  25.0  9 

25,0  TO  30.0  2 

30.0  TU  3S » 0  2 

35.0  TO  00,0  O 

00.0  TO  05.0  2 

oS.O  TO  50.0  1 

50.0  TO  75.0  5 

76.0  TO  100.0  2 

100,0  TO  150.0  2 

150.0  TO  200,0  1 

200.0  TO  250,0  1 

250,0  TO  300.0  1 

300,0  TO  000.0  2 

000.0  TO  500.0  1 

OVER  500.0  0 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  30B 

501  FEATURES  WITH  AREAS  LESS  THAN  0,60  SO,  METERS  WERE  ALSO  RECOGNIZED 


6Y  PERIHttER 


METERS 


FREQUENCY 


BY  SHAPE 

shape  factor  frequency 


0 

TO 

7 

0 

TO 

22 

158 

0.0 

TO 

1.0 

1 

7 

TO 

10 

22 

TO 

32 

02 

1.0 

TU 

1.1 

0 

10 

TO 

12 

32 

TO 

39 

20 

1.1 

TO 

1.2 

2 

12 

TO 

10 

39 

TO 

05 

10 

1.2 

TO 

1.3 

8 

10 

TO 

16 

05 

TO 

52 

10 

1.3 

TO 

1.0 

61 

lb 

TO 

17 

52 

TO 

55 

2 

1.0 

TO 

1.5 

35 

17 

TO 

20 

55 

TO 

65 

6 

1.5 

TO 

1.6 

20 

20 

TO 

22 

65 

TO 

72 

6 

1.6 

TO 

1.7 

00 

22 

TO 

20 

72 

TO 

78 

2 

1.7 

TO 

1.8 

29 

20 

TO 

26 

78 

TO 

85 

5 

1  .8 

TO 

1  .9 

12 

26 

TO 

28 

85 

TO 

91 

1 

1  .9 

TO 

2.0 

16 

28 

TO 

30 

91 

TO 

98 

0 

2.0 

TO 

2.0 

30 

30 

TO 

32 

98 

TO 

100 

2 

2.0 

TO 

2.6 

7 

32 

TO 

39 

100 

TO 

127 

5 

2.6 

TO 

2.8 

8 

39 

IO 

05 

127 

TO 

107 

3 

2.8 

TO 

3.0 

e 

05 

TO 

55 

107 

TO 

180 

7 

3,0 

TO 

3.5 

9 

55 

TO 

71 

180 

TO 

232 

5 

3.5 

TU 

0.0 

J 

71 

TO 

100 

232 

TO 

328 

6 

0.0 

TO 

«.5 

5 

OVER 

100 

OVER 

3?8 

10 

OVER 

0.5 

10 

3 . 3-41 


Area:  Camp  A.P.  Hill  (Wavelength  =  2.0  -  2.6  1 

Radiance  Threshold  =  Mean  +  3.00  o 

-2  -1  -1 

Mean  =  62.36  pW-cm  -sr  -pm 

-2  -1  -1 

Std .  Dev.  =  a  =  24.79  pW-cm  -sr  -pm 
EQUIVALENT  ELLIPTICAL  AREAS  -  AFTERNOON 


3.3-42 


nil, . .  liiaililiiiiilii;  ^ 


ft 


lip 


AFTERNOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 

SQUARE  METERS  FREQUENCY 


0.6 

TO 

5.0 

33 

s.o 

TO 

10.0 

3 

10.0 

TO 

15.0 

1 

S5.0 

TO 

20.0 

2 

20,0 

TO 

25.0 

0 

25,0 

TO 

30.0 

1 

30.0 

TO 

35,0 

0 

35,0 

TO 

00.0 

0 

0  0. 0 

TO 

05.0 

0 

05,0 

TO 

50.0 

1 

50,0 

TO 

75,0 

1 

75.0 

TO 

100.0 

0 

100.0 

Ul 

150.0 

1 

150.0 

TO 

200.0 

0 

200.0 

10 

250.0 

0 

250.0 

TO 

300.0 

0 

300.0 

TO 

000.0 

0 

000.0 

TO 

500.0 

0 

OVER 

500. 0 

0 

Threshold  =  Mean  +  3.00  u 

Wavelength  =  2.0  -  2.6  pm 

-2  -1 

Mean  =  62.36  pW-cm  -sr  -pm 
o  =  24.79  pW-cin  ^-sr  ^-pm  ^ 


TOTAL  NUMBER,  OF  ELLIPTICAL  AREAS  -  OS 

63  f E ATURE3  WITH  AREAS  LESS  THAN  0.60  SO,  METERS  WERE  ALSO  RECOGNIZED 


8 i  perimeter  bt  shape 


HCTER3 

F 

:et 

frequency 

shape 

FACTOR 

FREQUENCY 

0 

Til 

7 

0 

TO 

22 

22 

0,0 

TO 

,0 

0 

7 

TO 

to 

22 

TO 

32 

5 

1.0 

TO 

.1 

0 

10 

TU 

(2 

12 

TO 

39 

3 

!  ,1 

TO 

.2 

0 

12 

Til 

10 

39 

TO 

05 

2 

1.2 

TO 

.3 

0 

10 

TCI 

16 

.  05 

TO 

52 

2 

1.3 

TO 

.0 

9 

16 

TO 

17 

52 

TO 

55 

2 

t.o 

TO 

.5 

6 

17 

TO 

20 

55 

TO 

65 

1 

1  .5 

TO 

.6 

2 

20 

T(. 

22 

65 

TQ 

72 

0 

1.6 

TO 

.7 

8 

22 

TO 

20 

72 

TO 

78 

0 

1.7 

TO 

.8 

3 

20 

TO 

26 

78 

TO 

85 

0 

l.« 

TO 

.9 

l 

26 

TO 

28 

85 

TO 

91 

0 

1  .9 

TO 

2 

.0 

1 

28 

TO 

30 

91 

TO 

98 

9 

2.0 

TO 

2 

.0 

5 

30 

TO 

32 

98 

TO 

100 

0 

2.0 

TO 

2 

.6 

0 

32 

TO 

39 

100 

TO 

127 

0 

2.6 

TO 

2 

.6 

3 

39 

TO 

05 

127 

TO 

107 

1 

2.8 

TO 

3 

.0 

1 

05 

TO 

55 

1 07 

TO 

180 

1 

3.0 

TO 

3 

.5 

1 

55 

TO 

71 

180 

TO 

232 

1 

3.5 

TO 

0 

.0 

l 

71 

TO 

100 

232 

TO 

3?8 

J 

O.0 

in 

0 

.5 

0 

OVER 

100 

OVER 

326 

0 

OVER 

0 

.5 

0 

3.3-43 
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2eri 


AFTERNOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BV 

SUUAR!  meteps 

AREA 

FREQUENCY 

Threshold  =  Mean  +  2.50  o 

Wavelength  =  4.5  -  5.5  wm 

0.6 

TO 

5.0 

222 

Mean  --  285.69  Kelvin 

9,0 

TO 

10.0 

33 

10.0 

TO 

1S.0 

11 

c  =  2.29  Kelvin 

15,0 

TO 

20,0 

4 

20.0 

TO 

25,0 

5 

25,0 

TO 

30.0 

5 

30,0 

TO 

35,0 

0 

35.0 

TO 

40.0 

1 

40,0 

TO 

45.0 

1 

45.0 

TO 

50.0 

1 

50.0 

TO 

75,0 

3 

75.0 

TO 

100.0 

1 

100.0 

TO 

150.0 

0 

150.0 

TO 

200.0  . 

0 

200.0 

70 

250.0 

0 

250.0 

TO 

300.0 

0 

300.0 

TO 

400.0 

0 

400.0 

TO 

500.0 

0 

(TVER 

500,0 

0 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  287 


199  FEATURES  NtTH  AREAS  (.ESS  THAN 


0,60  so,  HercRS  mere  also  recognizeo 


ev  perimeter  bv  shape 


* 


r  • 

METERS 

FEET 

FREQUENCV 

SHAPE  FACTOR 

FREQUENCV 

V 

0  TO 

7 

0  TO 

22 

136 

0.0  TO  1.0 

0 

fa 

7  TO 

to 

22  TO 

32 

44 

1.0  TO  1,1 

0 

10  TO 

12 

32  TO 

39 

30 

l.l  TO  (.2 

21 

f- 

12  TO 

14 

39  TO 

45 

9 

1.2  TO  1.3 

22 

V 

14  TO 

16 

45  TO 

52 

14 

1.3  TO  1.4 

57 

(VU 

16  TO 

17 

52  TO 

55 

4 

1.4  TO  1,5 

38 

% 
i , 

17  TO 

20 

55  TO 

65 

13 

1.5  TO  1.6 

27 

t 

20  TO 

22 

65  TO 

72 

4 

1.6  TO  1.7 

27 

[  - 

22  TO 

24 

72  TO 

78 

4 

1.7  TO  1,8 

22 

24  TO 

26 

78  TO 

85 

0 

1.8  TO  1.9 

23 

26  TO 

28 

85  TO 

91 

6 

1.9  TO  2.0 

12 

28  TO 

30 

91  TO 

98 

2 

2.0  TO  2.4 

17 

30  TO 

32 

98  TO 

104 

3 

2,4  TO  2,6 

11 

32  TO 

39 

104  TO 

127 

3 

2.6  TO  2.8 

4 

A  .. 

39  TO 

45 

127  TO 

147 

4 

2.8  TO  3,0 

1 

''4 

45  TO 

55 

147  TO 

180 

3 

3.0  TO  3.5 

1 

'  ' 

55  TO 

71 

180  TO 

232 

3 

3.5  TO  4,0 

3 

71  TO 

100 

232  TO 

328 

3 

4.0  TO  4,5 

1 

OVER 

100 

OVER 

328 

2 

OVER  4,5 

0 

r 
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AFTERNOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


8V 

AREA 

Threshold  =  Mean  +  3.50  c 

SQUARE  METERS 

frequency 

Wavelength  =  4.5  -  5.5  pm 

0.6  TO 

5.0 

35 

Mean  =  285.69  Kelvin 

5.0  TO 

10. 0 

2 

10.0  TO 

15.0 

0 

o  =  2.29  Kelvin 

15.0  TO 

20.0 

1 

20,0  TO 

25,0 

1 

25,0  TO 

30.0 

0 

30.0  TO 

35.0 

0 

35.0  TO 

40.0 

0 

40.0  TO 

45,0 

0 

05,0  TO 

50.0 

0 

50.0  TO 

T5.0 

0 

T5.0  TO 

100.0 

0 

100.0  TO 

1S0.0 

0  * 

150.0  TO 

200.0 

0 

200.0  TO 

250.0 

0 

250.0  TO 

300.0 

0 

300.0  TO 

400.0 

0 

400,0  TQ 

500.0 

0 

OVER 

500.0 

0 

TOTAL  HUMBER  OF  ELLIPTICAL  AREAS  - 

39 

28  FEATUHF3 

HITH  AREAS 

Less 

THAN  0,60 

so,  meters  mere  also  recognized 

BY  PERIMETER 

BY  SHAPE 

METERS 

EEET 

FREQUENCY 

SHAPE  factor  frequency 

0 

TO 

7 

0 

TO 

22 

22 

0.0 

TO 

1.0 

0 

7 

TO 

10 

22 

TO 

32 

5 

1.0 

TO 

1.1 

0 

10 

TO 

12 

32 

TO 

39 

6 

1.1 

TO 

1.2 

3 

12 

TO 

14 

39 

TO 

45 

l 

1.2 

TO 

1.3 

6 

14 

TO 

16 

45 

TO 

52 

2 

1.3 

TO 

1.4 

9 

16 

TO 

17 

52 

TO 

55 

0 

1.4 

TO 

1.5 

5 

17 

TO 

20 

55 

TO 

65 

0 

1  .5 

TO 

1,6 

6 

20 

TO 

22 

65 

TO 

72 

0 

1.6 

TO 

1.7 

2 

22 

TO 

24 

72 

TO 

78 

1 

1.7 

TO 

1.6 

2 

24 

TO 

26 

78 

TO 

85 

0 

1.8 

TO 

1.9 

0 

26 

TO 

28 

85 

TO 

91 

0 

1  ,9 

TO 

2.0 

0 

28 

TO 

30 

91 

TO 

98 

0 

2.0 

TO 

2.4 

4 

30 

TO 

32 

98 

TO 

104 

0 

2.« 

TO 

2.6 

1 

32 

TO 

39 

104 

TO 

127 

0 

2.6 

TO 

2.6 

0 

39 

TO 

45 

127 

TO 

147 

2 

2.8 

TO 

3.0 

1 

45 

TO 

55 

147 

TO 

180 

0 

3,0 

TO 

3,5 

0 

55 

TO 

71 

180 

TO 

232 

0 

3.5 

TO 

4.0 

0 

71 

TO 

100 

232 

TO 

326 

0 

4.0 

TO 

4.5 

0 

OVER 

100 

OVER 

328 

0 

OVER 

4.5 

0 
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*  # 


1400  ft 


Camp  A.P.  Hill  (Wavelength  =  8.0  -  14.0  pm) 
Temperature  Threshold  =  Mean  +  2.50  o 
Mean  =  286.54  Kelvin 
Std.  Dev.  =  a  =  2.74  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  AFTERNOON 


3.3-48 


Up 


AFTERNOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


a*  area  Threshold  =  Mean  +  2.50  o 

square  METERS  frequency  Wavelength  =  8.0  -  14.0  urn 


0,6 

TO 

5.0 

330 

Mean 

5.0 

TO 

10.0 

50 

10.0 

TO 

15.0 

to 

0  - 

15.0 

TO 

20.0 

5 

20.0 

TO 

25.0 

3 

25.0 

TO 

30.0 

3 

30.0 

TO 

35.0 

3 

35.0 

TO 

40.0 

2 

, ao.'o 

TO 

45.0 

0 

45. o 

TO 

50.0 

0 

50.0 

TO 

75,0 

5 

75.0 

TO 

100.0 

1 

100.0 

TO 

150.0 

0 

150,0 

TO 

200.0 

0 

200.0 

TO 

250.0 

0 

250.0 

TO 

300.0 

0 

300,0 

TO 

400.0 

0 

400.0 

TO 

500.0 

0 

OVER 

500.0 

0 

=  286.54  Kelvin 
2.74  Kelvin 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  421 


342  FEATURES  HJTH  AREAS  LESS  THAN  0.60  SO.  METERS  HERE  ALSO  RfCOGNIZEO 


BY  PERIMETER 

BY  SHAPE 

METERS 

FEET 

FREQUENCY 

shape  factor 

FREQUENCY 

0 

TO 

7 

0 

TO 

22 

217 

0.0 

TO 

1.0 

0 

7 

TO 

10 

22 

TO 

32 

64 

1.0 

TO 

t.t 

0 

10 

TO 

12 

32 

TO 

39 

38 

i.t 

TO 

1.2 

22 

12 

TO 

14 

39 

TO 

45 

21 

1.2 

TO 

1.3 

39 

14 

TO 

16 

45 

TU 

52 

14 

1.3 

TO 

1.4 

79 

16 

TO 

17 

52 

TO 

55 

5 

1.4 

TO 

1.5 

69 

17 

TO 

20 

55 

TO 

65 

IS 

1.5 

TO 

1.6 

46 

20 

TO 

22 

65 

TO 

72 

9 

1.6 

TO 

1.7 

46 

22 

TO 

24 

72 

TO 

78 

5 

1.7 

TO 

1.8 

19 

24 

TO 

26 

78 

TO 

85 

4 

1.8 

TO 

1.9 

18 

26 

TO 

28 

85 

TO 

91 

3 

1.9 

TO 

2.0 

14 

28 

TO 

30 

41 

TO 

98 

3 

2.0 

TO 

2.4 

41 

30 

TO 

32 

48 

TO 

104 

3 

2.4 

TO 

2.6 

1  1 

32 

TO 

39 

104 

TO 

127 

4 

2.6 

TO 

2.8 

4 

30 

TO 

45 

127 

TO 

147 

4 

2.8 

TO 

3.0 

2 

45 

TO 

55 

HT 

TO 

180 

S 

3.0 

TO 

3.5 

8 

55 

TO 

71 

180 

TO 

232 

3 

3.5 

TO 

4,0 

1 

71 

TO 

too 

232 

TO 

328 

6 

4.0 

TO 

4.5 

2 

OVER 

100 

OVER 

328 

2 

OVER 

4.5 

0 

3.3-49 


1400  ft 


Area:  Camp  A.P.  Hill  (Wavelength  =  8.0  -  14. 
Temperature  Threshold  =  Mean  +  3.00  a 
Mean  =  286.54  Kelvin 
Std.  Dev.  =  c  =  2.74  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  AFTERNOON 

3.3-50 


2jp. 


i  .. 


AFTERNOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


SQUARE  METEH8 

0.6  TO 
5.0  TO 
10.0  TO 
18.0  TO 
20.0  TO 
25.0  TO 
50.0  TO 
38,0  TO 
00,0  TO 
06.0  TO 
50.0  TO 
7  ■> ,  0  To  1 

100.0  TO  ! 

160,0  TO  i 

200,0  TO  ; 

260.0  TU 
300,0  TO  < 

000,0  TO  • 

OVf  H 


5.0 

10.0 

15.0 

20.0 

26.0 

50.0 

55.0 

90.0 

05,0 

60,0 

75.0 

100,0 

150,0 

200,0 

250.0 

300,0 

900.0 

800.0 

800,0 


8 y  area  Threshold  =  Mean  +  3.0  o 

frequency  Wavelength  =  G.O  -  14.0  uni 
165  Mean  =  286. G4  Kelvin 

9 

o  «-2.?4  Kelvin 


TO  I'M.  NUMBER  OK  KI.LU’TICAI.  AREAS  -  165 

167  FtATUHES  H I T H  AREAS  LESS  THAN  0.60  8Q.  HETER8  Ht RE  ALSO  RECOGNIZED 


OY  PERIMETER 


METERS 


FREQUENCY 


BY  9RAPF 

9HAPF.  FACTUP  frequency 


0 

TO 

7 

0 

Til 

22 

1  09 

0 

,0 

TO 

1.0 

0 

7 

10 

10 

2? 

TO 

32 

35 

i 

.0 

TO 

1.1 

0 

10 

Tn 

12 

3? 

TO 

39 

12 

i 

,  I 

TO 

1.2 

6 

12 

TO 

16 

39 

TO 

95 

9 

i 

,2 

TO 

1.3 

19 

IN 

TO 

16 

98 

TU 

52 

3 

i 

,3 

TO 

1.9 

50 

16 

TO 

17 

52 

TO 

55 

9 

i 

,9 

TO 

1.5 

37 

17 

TO 

20 

58 

TO 

65 

9 

i 

,5 

TO 

1.6 

18 

20 

TO 

22 

65 

TO 

72 

0 

i 

.6 

TO 

1.7 

15 

22 

TO 

20 

1? 

TO 

76 

2 

i 

,7 

TO 

1.6 

13 

29 

TO 

26 

76 

TO 

66 

0 

l 

TO 

i  .9 

6 

26 

10 

28 

A8 

TO 

91 

3 

i 

,9 

TO 

2.0 

2 

26 

TO 

30 

91 

TO 

98 

1 

2 

.0 

TO 

2.« 

16 

30 

TO 

32 

98 

TO 

1  09 

1 

2 

TO 

2,6 

3 

32 

TO 

39 

100 

TO 

127 

3 

t 

.6 

TO 

2.8 

0 

30 

TO 

08 

127 

TO 

197 

0 

? 

,6 

TO 

3.0 

1 

05 

TO 

66 

1  67 

TO 

160 

2 

3 

,0 

TO 

3.5 

u 

85 

H 

71 

180 

TO 

232 

1 

3 

.5 

TO 

9.0 

0 

71 

TO 

100 

232 

TO 

3?6 

1 

9 

,0 

TO 

«.5 

(1 

(JV1  « 

100 

ovrn 

3?8 

0 

OVf  R 

9.5 

0 

'j  ,  'S  S  I 


.1  -LiiiiiiiJl.iiiiiIiu  iiidlnlLiiil  ly]ikilLiiiiU,iil]iiliii  I  jiiillilllilijiiililii  iiji>iii|lLy.Al[iilk[[lA^  filiiliifii.  jii.Iu  jifm  ihiiinJi  lifirin^ 


EVENING 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


ey  *RfA  Threshold  =  Mean  +  2.00  a 


stiUARt  meters  frequency  Wavelength  =  4.5  -  5.5  ym 


0,6 

TO 

5.0 

111 

5.0 

TO 

10,0 

15 

10.0 

TO 

15.0 

10 

15.0 

TO 

20.0 

2 

20.0 

TO 

25.0 

1 

25.0 

TO 

10,0 

2 

10.0 

TO 

55.0 

0 

15.0 

TO 

00.0 

1 

00.0 

TO 

05,0 

1 

05,0 

TO 

50,0 

0 

50.0 

To 

75.0 

0 

7 ; ,  o 

TO 

1  no ,  0 

1 

100.0 

TO 

150,0 

0 

150,0 

Til 

200.0 

0 

200,0 

Tu 

250.0 

0 

250.0 

TO 

100,0 

0 

100 . 0 

TO 

000,0 

0 

000,0 

TU 

50  0.0 

0 

OVER 

500.0 

1 

Mean  =  282.89  Kelvin 
o  =  1.17  Kelvin 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  *  167 


611  FEATURES  WITH  AREAS  LESS  t  HAN  0,60  SO,  METfRS  WERE  ALSO  RtCUCNlZED 


BY  'EM I ME TER  BY  SHAPE 

* 

HETEHS  Fee  T  FREQUENCY  SHAPE  FACTOR  FREQUENCY 


0 

in 

7 

0 

TO 

22 

171 

0. 0 

TU 

1.0 

0 

7 

Tl) 

10 

22 

TU 

12 

75 

1.0 

TO 

1.1 

0 

10 

TU 

12 

12 

TO 

!R 

25 

1.1 

TU 

1.2 

0 

12 

Tl) 

14 

1R 

TO 

0  5 

17 

1.2 

TU 

1.3 

11 

10 

TU 

16 

4  S 

TU 

52 

1  4 

1.3 

TU 

1  .4 

61 

16 

TU 

17 

52 

Tl) 

55 

1 

1.4 

TU 

1.5 

20 

17 

TO 

20 

55 

TO 

65 

15 

1.5 

TO 

1 .6 

15 

20 

TO 

22 

65 

TU 

72 

4 

1.6 

TO 

1.7 

52 

22 

TU 

24 

72 

TO 

70 

1  1 

1.7 

TO 

1.8 

10 

20 

TU 

2b 

7H 

TO 

85 

0 

1.0 

TO 

1  .R 

1  R 

2b 

TU 

20 

65 

TU 

R1 

3 

1 .0 

TO 

2.0 

11 

28 

in 

10 

01 

TO 

06 

5 

2.0 

TO 

2.4 

61 

30 

TO 

32 

R8 

TU 

too 

2 

2.4 

TO 

2.6 

17 

32 

Tl) 

3R 

100 

TU 

127 

7 

2.0 

TU 

2.0 

10 

JR 

TU 

45 

127 

TU 

107 

2 

2.0 

TU 

3.0 

7 

45 

TO 

55 

147 

TU 

100 

1 

3.0 

TO 

1.5 

12 

55 

TO 

71 

100 

TU 

232 

2 

3.5 

TO 

4.0 

5 

71 

TU 

100 

212 

TU 

329 

2 

4.0 

TO 

0.5 

1 

OVER 

100 

OVER 

4 

OVE  R 

4.5 

5 

3. 3-53 


X  -  Denotes  Target  Locati: 


300  ft 


Camp  A.P.  Hill  (Wavelength  =  4.5  -  5. 
Temperature  Threshold  =  Mean  +  3.00  a 
Mean  282.89  Kelvin 
Std .  Dev.  =o  =  1  -V-'  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  EVENING 


3.  J-NA 


2pl 


-  » 


n  .. 


EVENING 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


3UUAHE  METERS 


0.6 

TO 

5.0 

It 

Mean 

s.o 

TO 

10.0 

2 

JO.O 

TO 

15.0 

0 

a  = 

15.0 

TO 

20,0 

0 

20.0 

TO 

23.0 

0 

25.0 

TO 

30,0 

0 

30.0 

TO 

35.0 

0 

35.0 

TO 

40.0 

0 

00.0 

TO 

45.0 

0 

05.0 

TO 

50.0 

0 

50,0 

TO 

75.0 

0 

75,0 

10 

100,0 

0 

100,0 

TO 

150,0 

0 

150.0 

1U 

200,0 

0 

200 , 0 

TO 

250.0 

0 

250.0 

TO 

300.0 

tj 

300,0 

TO 

400,0 

0 

000.0 

TO 

500,0 

1 

OVER 

500.0 

0 

TOTAL  J’lJMBER  OF  ELLIPTICAL  AREAS  - 

14 

2  FEATURES 

WITH  AREAS 

LESS 

THAN 

0  «  6  0  3  Q  # 

BY  PERIMETER 

ME  T  i-R3 

FftT 

FREQUENCY 

0  TO 

7 

0  T(1 

22 

5 

7  TO 

10 

22  TO 

32 

5 

10  TO 

12 

3?  TO 

39 

0 

12  TO 

14 

34  To 

45 

1 

m  TO 

16 

45  TO 

52 

i 

iO  Til 

17 

52  TO 

55 

0 

1  7  Til 

20 

55  TO 

65 

1 

£  0  TO 

22 

65  TU 

72 

0 

22  TO 

24 

72  TO 

78 

0 

24  TO 

26 

78  TO 

85 

■> 

26  TO 

2U 

PS  TO 

91 

0 

28  in 

30 

91  TO 

98 

0 

30  TO 

32 

98  TO 

104 

r- 

32  TO 

3  9 

104  TO 

127 

0 

30  10 

45 

127  TO 

147 

0 

45  TO 

5S 

147  TU 

180 

0 

55  TO 

71 

180  TO 

232 

0 

71  TO 

100 

232  TO 

328 

0 

OVER 

100 

OVER 

328 

1 

by  area  Threshold  =  Mean  +  3.00  o 

frequency  Wavelength  =  4.5  -  5.5  urn 
282.89  Kelvin 


BY  SHAPE 


3.3-55 


shape 

FACTOR 

FREQUENCY 

ill 

f 

0,0 

TO 

1.0 

0 

'  7£l 

1 .0 

TU 

l.l 

0 

•  j 

1.1 

TO 

1.2 

2 

■H. 

1  .2 

TO 

1.3 

3 

..  J 

1.3 

TO 

l.« 

3 

--1 

1.4 

TO 

1.5 

2 

| 

1.5 

TO 

1.6 

2 

3 

1  .6 

TO 

1.7 

0 

1.7 

TO 

1.8 

0 

t  .8 

TO 

1.9 

0 

3 

1  .9 

TO 

2.0 

1 

i 

2.0 

TU 

2.4 

0 

i 

2.4 

TU 

2.6 

0 

-J 

2,4 

TO 

2.H 

0 

?. ft 

TO 

3.0 

0 

1 

3.0 

TO 

3.5 

0 

J 

3.5 

TO 

4,0 

0 

j 

4.0 

TO 

4.5 

0 

3 

nvF  k 

4,5 

1 

i 

liTil 


Camp  A.P.  Hill  (Wavelength  =  8.0  -  14.0  um) 
Temperature  Threshold  =  Mean  +  2.00  o 
Mean  =  281 .16  Kelvin 
Std.  Oev.  =  o  =  1.70  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  EVENING 


3.3-56 


2pl 


■  EVENING 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


Square  meters 


0.6 

TO 

5.0 

237 

5.0 

TO 

10,0 

35 

10. 0 

TO 

15.0 

19 

13.0 

TO 

20.0 

4) 

20.0 

TO 

25.0 

? 

25.0 

TO 

30,0 

1 

JO.O 

TO 

35.0 

0 

35.0 

TO 

40„0 

1 

00.0 

TO 

45.0 

l 

145 . 0 

TO 

50.0 

1 

3  0.0 

TO 

T5.0 

2 

75.0 

TO 

100.0 

1 

ioo ,  o 

TO 

150.0 

2 

150,0 

TO 

200.0 

0 

200 , 0 

TU 

250.0 

0 

230.0 

TO 

300. 0 

0 

300. 0 

TO 

440  0.0 

t 

4100 .0 

TO 

500.0 

0 

(1VEH 

500.0 

0 

ev  area  Threshold  =  Mean  +  2.00  a 

frequency  Wavelength  =  8.0  -•  14.0  uni 
?.n  Mean  =  281.16  Kelvin 

39 

19  0  =  1 .70  Kel vin 


TOTAI,  NUMBER  OF  ELUPTICAL  AREAS  -  311 

165  FEATURES  WITH  ARFAS  (.ESS  THAN  0,60  SQ,  HFTERS  WERE  AI.SO  RECOGNIZED 


BY  PERIMETER 


BETEH3 


FREQUENCY 


BY  SHAPE 

shape  factor  frequency 


0 

TCI 

7 

0 

TO 

22 

146 

0,0 

TO 

..0 

0 

7 

TU 

10 

22 

TO 

32 

61 

1.0 

TO 

1.1 

0 

10 

TU 

12 

3c 

TO 

39 

21 

1.1 

TO 

1.2 

16 

12 

TO 

144 

39 

TU 

45 

15 

1.? 

TO 

1.3 

25 

14 

TO 

16 

45 

TO 

52 

13 

1.3 

TO 

l.« 

74 

16 

TO 

17 

5? 

Til 

55 

5 

1.4 

TU 

1  .5 

42 

17 

TU 

20 

55 

TU 

65 

9 

1.5 

TO 

1  .6 

27 

20 

TO 

22 

65 

TO 

72 

2 

1.6 

TO 

1.7 

41 

22 

TO 

2  <) 

72 

TO 

78 

2 

1.7 

T IJ 

1,8 

20 

244 

TO 

26 

78 

TO 

85 

5 

1  .8 

TO 

1  .9 

1  1 

26 

TU 

28 

85 

TU 

91 

7 

1.9 

TU 

2.0 

7 

28 

TO 

30 

91 

TO 

98 

1 

2.0 

TO 

2.4 

22 

30 

TO 

32 

98 

TO 

104 

7 

2.4 

TO 

2.6 

5 

32 

TU 

39 

1  0  44 

TO 

1  2  7 

3 

2,6 

TO 

2.8 

9 

39 

TO 

445 

127 

TO 

1447 

3 

2.8 

TO 

3.0 

4 

«5 

TO 

55 

147 

TO 

180 

2 

3.0 

TO 

3.5 

2 

55 

10 

71 

180 

TO 

232 

t 

3.5 

TO 

4.0 

1 

n 

TO 

100 

232 

TO 

338 

3 

4.0 

TU 

4.5 

2 

UVF.R 

100 

OVER 

328 

5 

OYER 

4.5 

3 

^*1  ufr  3K  '%! 


2erjm 


MIDNIGHT 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY 

AREA 

Threshold  = 

Mean  + 

1. 

50  o 

SOUARE 

METERS 

FREQUENCY 

Wavelength 

«  4.5  - 

5. 

,5  pm 

0,6 

TO 

5.0 

422 

Mean  =  282. 

00  Kelvin 

S.O 

n.o 

TO 

TO 

10.0 

15,0 

50 

4 

a  =  1.26  Kelvin 

ts.o 

T(J 

20.0 

4 

20.0 

TO 

25.0 

S 

25.0 

TO 

50.0 

1 

.10.0 

TO 

55.0 

5 

55. 0 

TO 

40,0 

1 

40.0 

TO 

46,0 

0 

45.0 

TO 

50.0 

0 

50.0 

TO 

75.0 

5 

75,0 

TO 

100.0 

l 

100.0 

TO 

150.0 

5 

150.0 

TO 

200.0 

0 

200.0 

TO 

250,0 

0 

250.0 

TO 

500.0 

1 

500.0 

TO 

400.0 

1 

400.0 

TO 

500. 0 

1 

nvFR 

500.0 

1 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  «»* 

123fl  FEATURES  MITH  akFaS  LESS  THAN  0,60  SO.  METERS  MERE  ALSO  RECOGNIZED 


BY  PERIMETER 


BY  SHAPE 


METERS 

FEET 

FREQUENCY 

0 

TO 

7 

0 

TO 

22 

259 

7 

TO 

10 

22 

TO 

52 

7  6 

10 

in 

12 

5? 

TO 

59 

55 

12 

TO 

14 

50 

TO 

45 

25 

14 

TO 

16 

45 

TO 

52 

10 

16 

TO 

17 

52 

TO 

55 

7 

17 

TO 

20 

56 

TO 

65 

1  6 

20 

TO 

22 

65 

TU 

72 

5 

22 

TO 

24 

72 

TO 

76 

6 

24 

TO 

26 

76 

TU 

55 

5 

26 

TO 

26 

65 

TO 

9) 

4 

2A 

TO 

50 

01 

TO 

96 

5 

50 

TO 

52 

96 

TO 

104 

4 

52 

TO 

50 

104 

TO 

127 

5 

59 

TO 

45 

127 

TO 

147 

4 

45 

TO 

55 

1  *7 

TO 

IPO 

5 

55 

TO 

71 

160 

TO 

252 

5 

71 

TO 

100 

25? 

TO 

526 

5 

OVER 

IOC 

OVER 

526 

15 

shape  factor  frequency 


0.0 

TU 

1.0 

0 

t.o 

TO 

'.1 

0 

l.T 

TO 

1.2 

9 

1.2 

TO 

1.5 

9 

1.5 

TO 

l.« 

66 

1.4 

TO 

1.5 

46 

1.5 

TO 

1.6 

29 

1  .6 

TO 

1.7 

70 

1.7 

TU 

l.« 

51 

T  .  6 

TU 

1.9 

21 

1  .9 

TO 

2.0 

59 

2.0 

TO 

2.4 

65 

2,4 

TO 

2.6 

IS 

2.6 

TO 

2.8 

It 

2.6 

TU 

5.0 

11 

5.0 

TO 

5.5 

16 

5.5 

TO 

4.0 

4 

4.0 

TO 

4.5 

5 

ovfR 

4.5 

IB 

3.3-61 


X  -  Denote*  Target  Location 


Camp  A.P.  Hill  (Wavalength  ■  4.5  -  5.5  wm) 
Temperature  Threshold  ■  Mean  +  2.50  o 
Mean  ■  282.00  Kelvin 
Std.  Dev.  »  a  *  1.26  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  MIDNIGHT 


2ERJM 


MIDNIGHT 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


area  Threshold  =  Mean  +  2.50  o 


squawk  meters  freouency  Wavelength  =  4.5  -  5.5  urn 


0.0 

TO 

5.0 

7 

Mean  =  282.00  Kelvin 

5.0 

TO 

10.0 

3 

to.o 

TO 

15,0 

1 

o  =  1.26  Kelvin 

15.0 

TO 

20,0 

0 

20.0 

TO 

25.0 

0 

25.0 

TO 

30,0 

0 

30.0 

TO 

35,0 

0 

35.0 

TO 

00.0 

0 

00. 0 

TO 

05,0 

0 

05.0 

TO 

50.0 

0 

50.0 

TO 

75.0 

0 

75.0 

TO 

100.0 

0 

100,0 

TO 

150.0 

0 

150.0 

TO 

200.0 

0 

200,0 

TO 

250.0 

ft 

250.0 

TO 

300.0 

0 

300.0 

TO 

000.0 

0 

000.0 

TO 

500,0 

0 

OVER 

500,0 

1 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  12 


7  FEATURES  WITH  AREAS  LESS  THAN  0,60  SO.  METERS  HERE  ALSO  RECOGNIZED 

BY  PERIMETER  BY  SHAPE 

METERS  FEET  FREQUENCY  SHAPE  FACTOR  FREQUENCY 


0 

TO 

7 

0 

TO 

22 

2 

0 . 0 

TO 

1.0 

0 

7 

TO 

10 

22 

TO 

32 

5 

1.0 

TO 

1.1 

0 

10 

TO 

12 

32 

TO 

39 

2 

1.1 

TO 

1.2 

2 

12 

TO 

10 

39 

TO 

05 

1 

1.2 

TO 

1.3 

1 

10 

TO 

16 

05 

TO 

52 

0 

1.3 

TO 

1.0 

3 

16 

TO 

17 

5? 

TO 

55 

1 

1.0 

TO 

1.5 

3 

17 

TO 

20 

55 

TO 

65 

0 

1.5 

TO 

1.6 

1 

20 

TO 

22 

65 

TO 

72 

0 

1.6 

TO 

1.7 

1 

22 

TO 

20 

72 

T(J 

78 

0 

1.7 

TO 

l.« 

0 

2o 

TO 

26 

78 

TO 

85 

0 

1.8 

TU 

1.9 

0 

26 

TO 

28 

85 

TO 

91 

0 

1.9 

TO 

2.0 

0 

28 

TO 

30 

91 

TO 

98 

0 

2.0 

TO 

2.0 

0 

30 

TO 

32 

96 

TO 

loo 

0 

2.« 

TO 

2.6 

0 

32 

TO 

39 

100 

TO 

127 

0 

2.6 

TU 

2.8 

0 

39 

TO 

05 

127 

TO 

1 «  7 

0 

2.8 

TO 

3.0 

0 

05 

TO 

55 

107 

TO 

180 

0 

3.0 

TO 

3.5 

0 

55 

TO 

71 

too 

TO 

232 

0 

3.5 

TO 

0.0 

0 

71 

TO 

100 

232 

TO 

328 

0 

0,0 

TU 

0.5 

0 

UVtR 

100 

OVER 

328 

l 

OVER 

o.S 

1 

3.3-63 


3. 3-6* 


Terim 


MIDNIGHT 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


square  meters 


0.6 

TO 

5.0 

219 

s.o 

TO 

10.0 

10 

10.0 

TO 

15.0 

9 

15.0 

TO 

20.0 

6 

2fl.o 

TO 

?s,n 

S 

25.0 

TO 

10.0 

1 

10.0 

TO 

IS.O 

1 

15.0 

TO 

00.0 

? 

UO.O 

TU 

as.  0 

1 

<45.0 

TO 

50,0 

1 

so.o 

TO 

75.0 

1 

75. 0 

TO 

100.0 

1 

T  00 . 0 

TO 

150.0 

0 

150,0 

TO 

200.0 

0 

200.0 

TO 

250.0 

0 

250.0 

TO 

300.0 

1 

100.0 

TO 

ano.o 

0 

000.0 

TO 

500.0 

0 

OVER 

500.0 

1 

ry  area  Threshold  =  Mean  +  2.00  o 

frequency  Wavelength  =  8.0  -  14.0  jitn 
Mean  =  279.50  Kelvin 
a  =  1.54  Kelvin 


TOTAI.  NUMBER  OF  ELLIPTICAL  AREAS  -  ?ftl 

187  FEATURES  MITH  AREAS  LESS  THAN  0.60  SO.  METERS  MERE  ALSO  RECOGNIZED 


• 

HV  PERIMETER 

BY  SHAPE 

METERS 

FEET 

FREQUENCY 

SHAPE 

factor 

FRFQIIE 

0  TO 

7 

0  TO 

22 

132 

0.0 

to 

1.0 

0 

?  in 

10 

22  TO 

32 

56 

l.o 

TO 

1.1 

0 

10  TO 

12 

12  TO 

19 

15 

1.1 

TO 

1.2 

16 

12  TO 

ta 

19  TO 

as 

19 

1.2 

TO 

1.3 

21 

la  Tn 

16 

as  TO 

52 

11 

1.3 

TO 

1.8 

82 

16  TO 

17 

52  TO 

55 

3 

t.a 

TO 

1.5 

29 

17  TO 

20 

55  TO 

65 

7 

1.5 

TO 

1.6 

25 

20  TO 

22 

65  TO 

7* 

1 

1.6 

TO 

1.7 

21 

22  TO 

2a 

72  TO 

7ft 

2 

1.7 

TO 

l.ft 

20 

2a  TO 

26 

78  TO 

85 

a 

1." 

TO 

1.9 

11 

26  TO 

2ft 

es  TO 

91 

2 

1.A 

TO 

2.0 

11 

2»  TO 

10 

91  TO 

9ft 

2 

2.0 

TO 

2.8 

21 

10  TO 

12 

9ft  TO 

loa 

2 

2,9 

TO 

2.6 

10 

32  TO 

19 

toa  TO 

127 

5 

2.6 

TO 

2. ft 

3 

19  TO 

as 

127  TO 

197 

6 

2. « 

TO 

3.0 

9 

as  TO 

55 

ia7  TO 
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Power  spectral  density  Is  (yM-cnf -sr-yro'  r/cycle/meter  for  the  2.0  to  2.6  urn  band,  and  (’*) 
cycle/aeter  for  the  4.5  to  5.5  and  6.0  to  14.0  urn  bands. 


POHE.il  SPECTRA  -  EVENING 


Ui 

cn 


£ 


X 

o 


o 

00 


in 

in 

i 

in 


g 

> 

m 


o 


Q. 

*T 


2 


3 

o 


I 


3. 3-7* 


Power  spectral  density  Is  CKr/cycle/ineter  for  the  4.5  to  5.5  and  8.0  to  14.0  urn  bands. 
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Circles  deiine  a  Gaussian  curve  with  the  same  mean  and  standard 
deviation  as  the  actual  histogram.  An  "S"  on  some  curves  indicates 
saturation.  Because  of  limits  on  gain  settings  some  values  may  exist 
beyond  the  digital  limits  of  0  and  255,  the  digital  dynamic  lunge  o! 
the  data  processing. 
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Because  of  the  relatively  small  cemperar.ure  changes  in  the  scenery, 
there  is  a  nearly  linear  relationship  between  the.  temperature  and  radiance 
statistics  for  the  thermal  channels.  It  is  pertinent,  therefore,  to  compute 
correlations  between  radiance  and  temperature  channels. 
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Area:  FLINT-1  (Wavelength  9.3  -  11.7  win) 
Temperature  Threshold  *  Mean  ♦  3.00  c 
Mean  ■  294.43  Kelvin 
Std.  Oev.  ■  o  «  3.14  Kelvin 
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DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 
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Pertinent  Scene  and  Flight  Information 
(Dates  of  Flights:  3,4  April  1979) 
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FIGURE  11.  MICHIGAN  WINTER  SCENE  GREYMAPS  -  SUNSET 
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FT  CURE  12.  MICH!  CAN  WfNTER  SCENE  CKEYMAl’S  -  ML1JNICHT 


TC5%':iii  pwiimm 


2pl 


MICHIGAN  WINTER  SCENE  -  CITY 


Histograms 


Spectral  Bands:  3.5  -  3.9  pm 
4.5  -  5.5  pm 
9.0  -  11.4  pm 


■  *  !j 


Circles  define  a  Gaussian  curve  with  the  same  mean  am!  standard 
deviation  as  the  actual  histogram.  An  "S"  on  some  curves  indicates 
Hiiluration.  Because  of  limits  on  gain  set  tings  some  values  may 
exist  beyond  the  digital  llmLts  of  0  and  255,  the  digital  dynamic 
range  of  the  data  processing. 
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3.5-29 


Area:  CITY  Wavelength  =  4.5  -  i 
Mean  =  275.56 
Stef.  Dev.  =  0.29 


(ANGLE:  35  DEG.) 


Wavelength  =  4.5  -  ! 
Mean  =  275.14 
Std.  Dev.  =  0.17 


RADIANCE  IN  pW-cm  -sr 


Wavelength  =  9.0  -  11.4  yin 
Mean  =  274.98 
Std.  Dev.  =  0.35 


MICHIGAN  WINTER  SCENE  -  CITY 


Jf*. 

'3* 


Means  and  Standard  Deviations  for  Spectral  Bands 
Correlations  Between  Spectral  Bands 

Spectral  Bands:  Channel  8:  3.5  -  3.9  pm  (°K) 
Channel  10:  4.5  -  5.5  pm  (°K) 
Channel  12:  9.0  -  11.4  pm  (°K) 


3.5-35 


4 . . .  Rdiliiiiiilte 


2p 


CITY  -  PRE-DAWN 


/ 


\V>  * 
v 


Number  of  Subregions: 
Line  Increment  Used: 
Pixel  Increment  Used: 
Correlation  Channels: 


1 

1 

1 


10  (4.5  -  5.5  pm) 
12  (9.0  -  11.4  pm) 


90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  385 


Correlation  10  12 

10  1.000 

12  0.818  1.000 


Channels 

Mean 

Standard  Deviation 
Total  Points 


10 

2.7  515E+02 
2.2520E-01 
154000. 


12 

2.7507E+02 

3.9349E-01 

154000. 


35°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  211 


Correlation 

10 

12 

10 

1.000 

12 

0.797  1 

.000 

Channels 

10 

12 

Mean 

2.7  513E+02 

2.7499E+02 

Standard  Deviation 

1.8358F-01 

3.1458E-01 

Total  Points 

84400. 

84400. 

3.5-36 


2£RJi 


CITY  -  NOON 


Number  of  Subregion.  1 

Line  Increment  Used.  1 

Pixel  Increment  Used:  I 
Correlation  Channels:  8  (3.5  -  3.9  pm) 


10  (4.5  -  5.o  pm) 
12  (9.0  -  11.4  pm) 


90°  Depression 


Pixel  Subarea  Divisions  At:  123  523 


Line  Subarea  Divisions  At: 


1  381 


Correlation 


Channels 


1.000 

0.364  1.000 

0.441  0.600  1.000 


2.8380E+02  2.7805F>02  2.7905E+02 


Standrrd  Deviation  6.2127E+00  2. 0422E+00  2.7589E+00 


Total  Points 


154000. 


154000. 


154000. 


35°  Depression 


Pixel  Subarea  Divisions  At:  123  523 


Line  Subarea  Divisions  At: 


1  211 


Correlation 


Channels 


1.000 

0.268  1.000 
0.442  0.465  1.000 


2.8527E+02  2.7870E+02  7.7974E+02 


Standard  Deviation  5.3784E+00  2.1785E+00  2.9419E+00 


Total  Points 


83600. 


83600. 


83600. 


3.5-37 
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CITY  -  SUNSET 


Number  of  Subregions:  1 
Line  Increment  Used :  1 

Pixel  Increment  Used:  1 
Correlation  Channels:  10  (4. 

12  (9. 


90°  Depression 

Pixel  Subarea  Divisions  At: 
Line  Subarea  Divisions  At: 


Correlation  10 

10  1.000 

12  0.703 


Channels 

Mean 

Standard  Deviation 
Total  Points 


10 

2.7560E+O2 

3.5060E-01 

154000. 


35°  Depression 

Pixel  Subarea  Divisions  At: 
Line  Subarea  Divisions  At: 


Correlation  10 

10  1.000 

12  0.711 


Channels 

Mean 

Standard  Deviation 
Total  Points 


10 

2. 7  556E+02 
2.9188E-01 
84400. 


-5.5  um) 

-  11.4  ym) 


123  523 

1  385 

12 

.000 

12 

2.7559E+02 
4 . 9331E-01 
154000. 


123  523 

1  211 

12 

.000 

12 

2.7536E+02 

4.3698E-01 

84400. 


ft 


* 

1 

€ 


}T«im 
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CITY  -  MIDNIGHT 


Number  of  Subregions: 
Line  Increment  Used: 
Pixel  Inurement  Used: 
Correlation  Channels: 


1 

1 

1 

10  (4.5  -  5.5  urn) 
12  (9.0  -  11.4  urn) 


90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  385 


Correlation 

10  •  12 

10 

1.000 

12 

0.707  1, 

.000 

Channels 

10 

12 

Mean 

2.7514E+02 

2.7500E+02 

Standard  Deviation 

1 . 7298E-01 

2.7871E-01 

Total  Points 

154000. 

154000. 

35° 

Depression 

Pixel  Subarea  Divisions  At: 
Line  Subarea  Divisions  At: 


123 

1 


523 

211 


Correlation 

10 

12 

Channels 

Mean 

Standard  Deviation 
Total  Points 


10  12 

1.000 

0./86  1.000 


10 

2 , 7515E+02 
2.0678E-01 
84400. 


12 

2.7498E+02 

3.4865E-01 

84400. 
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-a 
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3.5-39 


MICHIGAN  WINTER  SCENE  -  CITY 


Ellipse  Statistics 


Spectral  Bands: 


3.5  -  3.9  yin 

4.5  -  5.5  ym 
9.0  -  11.4  ym 


3.5-41  _ _____ 

l  PRECEDING  PAGE 


1750  ft 


CITY  -  Pre-Dawn  (Wavelength  =  4.5  -  5.5  pm) 
Temperature  Threshold  =  Mean  +  0.85  o 
Mean  =  275.15  Kelvin 
St.d.  Dev.  =  o  =  0.23  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 


3.5-42 


BY  AREA 


SQUARE 

METER# 

FREQUENCY 

e.o 

T  (1 

10.0 

30 

10.0 

TO 

15.0 

64 

15.0 

TO 

20.0 

23 

20.0 

TO 

25.0 

16 

25.0 

TO 

30.0 

7 

30.0 

TO 

35.0 

SO 

35.0 

Tl) 

00.0 

5 

oo.o 

TO 

05.0 

6 

o5.o 

TO 

5  0 , 0 

2 

50.0 

TO 

75.0 

4 

75.0 

TO 

100.0 

3 

100.0 

TO 

150.0 

4 

150.0 

TO 

200.0 

1 

200.0 

TO 

250.0 

I 

250.0 

TO 

300,0 

1 

300  .  U 

TO 

0  n  0 , 0 

1 

000,0 

TO 

500.0 

1 

OVER 

500. 0 

7 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  147 

1016  FEATURES  WITH  AREAS  LESS  THAR  8,00 


Threshold  =  Mean  +  0.35  a 
Wavelength  =  4.5  -  5.5  pm 
Mean  =  275.15  Kelvin 
a  =  0.23  Kelvin 


SO,  METF.RS  were  also  RE  COGNIZED 


BY  PERIMETER  UV  SHAPE 

meters  feet  frequency  shape  factor  frequf.ncy 


0 

TO 

7 

0 

TO 

22 

0 

0. 

,0 

TO 

1 

,0 

0 

7 

TO 

10 

22 

TO 

32 

0 

*  * 
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TO 

1 

1 
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10 

TO 

12 
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TO 

34 
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1  i 

1 

TO 
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2 

2 

12 

TO 

14 

34 

TO 

4r 

1 1 

1 

,2 

TU 

1 

,3 

12 

1  4 

TU 

16 

45 

TO 

52 

0 

i 
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TU 

1 

,4 
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16 

TO 

17 
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TO 

55 

16 

1 

,  4 

TO 

1 

,5 

4 

1  7 

TO 

20 

55 

TO 

65 

24 

1 

,5 

TO 

1 

.6 

15 

20 

TO 

22 

65 

TO 

7? 

24 
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,6 

TO 
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,7 

6 

22 

tn 

2'!  • 

7? 

Til 

78 

0 

1 

,7 

TO 
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.8 

24 

24 

TO 

26 

74 

TO 

85 

16 

1 

,6 

TO 

1 

,4 

1  4 

26 

TO 

26 

65 

TO 

41 

10 

1 

,4 

TO 

2 

.0 

12 

20 

TO 

30 

41 

TO 

46 

1  5 

2 

.  0 

Til 

2 

,  4 

4  4 

30 

TO 

32 

46 

TO 

104 

1 

2 

.4 

TU 

2 

»  6 

13 

32 

TO 

34 

10  4 

TO 

1  ?7 

22 

2 

.6 

TO 

2 

,6 

4 

30 

TO 

45 

.  127 

TO 

147 

1  1 

2 

.  8 

TO 

3 

.0 

6 

45 

TO 

55 

147 

TO 

160 

1  1 

3 

.0 

TO 

5 

.5 

0 

55 

TO 

71 

160 

TO 

232 

5 

3 

.5 

TU 

4 

.  0 

3 

71 

111 

100 

23? 

TO 

326 

1  0 

4 

.0 

TO 

4 

.5 

2 

UVf.R 

too 

OVER 

326 

1  6 

OVf  R 

4 

.5 

6 

It 


2jpl 


CITY  -  PRE-DAWN 

DISTRIBUTION  OP  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


SQUARE  METERS 


BY  AREA 

frequency 


8,0  TO 
10,n  TO 
15.0  TO 
20. n  TO 
25.0  TO 
30.0  To 
35.0  TO 
00.0  TO 
65.0  TO 
50,0  TO 
75.0  To 
100. n  TO 
150.0  TO 
200,0  TO 
250.0  TO 
300.0  TO 
600.0  TO 
OVER 


10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
o  0 , 0 

05.0 
50.0 
75.0 
100.0 
150.0 
200 .0 
250.0 
300.0 
«0(>,0 
500,0 
SO  o ,  0 


Threshold  =  Mean  +  2.87  a 
Wavelength  -  4,5  -  5.5  yin 
Mean  =  275.15  Kelvin 
o  =  0.23  Kelvi.i 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  A 

360  features  huh  areas  less  than  b.oo  sq,  metfrs  rfrf  also  recognized 


HV  PERIMETER 


METERS 


0 

TO 

7 

0 

TO 

22 

7 

TO 

10 

23 

TO 

32 

10 

TO 

12 

3? 

Tn 

36 

12 

(0 

16 

39 

TO 

65 

16 

TO 

16 

65 

TO 

52 

16 

TO 

17 

5? 

TO 

55 

17 

TO 

20 

55 

TO 

65 

20 

TO 

22 

66 

Tfl 

72 

22 

TO 

26  • 

7? 

10 

78 

26 

10 

?6 

78 

TO 

85 

26 

TO 

28 

«S 

TO 

61 

28 

TO 

30 

61 

TO 

68 

30 

TO 

32 

66 

TO 

1  06 

32 

TO 

36 

1  U'l 

TO 

1?7 

36 

TO 

65 

127 

TO 

167 

65 

III 

55 

167 

TO 

1  A  n 

55 

TO 

71 

180 

TO 

232 

71 

TO 

100 

213 

TO 

328 

OVER 

loo 

OVF  R 

i?8 

FREQUENCY 


BY  SHAPE 

3HAPF.  factor  FREQUENCY 

0.0  TO  1 .0  0 

1  .  0  TO  1  .  1  0 

1.1  TO  1 .2  0 

1  .2  TO  1 ,3  0 

1.1  TO  l,ll  0 

».«  70  1.5  1 

1  .5  TO  1  ,6  0 

1 .6  TO  1.7  C 

1.7  TO  1,6  1 

1.5  TIJ  1.6  1 

1.6  TO  2."  0 

?»o  To  2,<i  5 

?.«  TO  2.6  0 

2.6  TO  2. P  0 

2.8  TO  3.0  0 

3.0  TO  J.S  9 

3.5  TJ  6.0  ( 

6.0  TO  6,5  0 

PVFR  6.5  0 


3.5-45 
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_ _  1750  ft  - — - 

CITY  -  Pre-Dawn  (Wavelength  =  9.0  -  11.4  pm) 
Temperature  Threshold  =  Mean  +  0.50  a 
Mean  -  275.07  Kelvin 
Std .  Dev.  =  o  =  0.39  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 


3.5-46 


2p 


(\ 


L 


CITY  -  PRE-DAWN 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 


Threshold  =  Mean  +  0.50  a 


SQUARE 

METFRS 

FREQUENCY 

1  -3 

Wavelength  =  9.0  -  11.4  om 

i 

8.o 

TO 

10.0 

36 

Mean  =  275.07  Kelvin 

10.0 

TO 

15,0 

56 

15.0 

TO 

20.0 

36 

o  =  0.39  Kelvin 

20.0 

TO 

25.0 

40 

25.0 

TO 

30.0 

13 

30.0 

TO 

35.0 

to 

35.0 

TO 

4  0,0 

12 

40.0 

TO 

45.0 

8 

.  j 

«5.n 

TIJ 

5  0,0 

3 

4 

50.0 

TO 

75,0 

17 

.i 

75.0 

TO 

100.0 

1? 

'vi 

100.0 

TO 

150.0 

1? 

-n 

150,0 

TO 

200,0 

a 

-4 

200.0 

TO 

250.0 

5 

■f 

250,0 

TO 

300.0 

1 

300.0 

TO 

<4  0  ft  .  f> 

2 

i 

400,0 

TO 

500,0 

0 

OVER 

500.0 

6 

J 

TOTAL  NUMBER  Of  ELLIPTICAL  AREAS  -  £82 

602  E t  A  T  URF  S  WITH  AREAS  LESS  THAN  8,00  31.  METERS  WERE  ALSO  RECOGNIZED 


BY  PERIMETER 


BY  SHAPE 


6 


HETEH3 

FEtT 

FREQUENCY 

SHAPE 

FACTOR 

FREQUENCY 

'm 

0  TO 

7 

0  T(l 

22 

0 

0,0 

TO 

1.0 

2 

J 

7  TO 

10 

22  TO 

32 

l 

1  .0 

TO 

1.1 

0 

i 

10  TO 

12 

32  TO 

39 

1 

1.1 

TO 

1.2 

2 

J 

12  TO 

14 

39  TO 

45 

16 

1  .? 

TU 

1.3 

?o 

"if 

IS  TO 

16 

45  TO 

52 

0 

1.3 

TO 

1.4 

18 

16  TO 

17 

5?  TO 

55 

27 

1  ." 

TO 

1.5 

1  1 

i 

17  Tn 

20 

55  TO 

65 

27 

1  .5 

TO 

1.6 

21 

d§ 

20  TO 

22 

65  TIJ 

72 

11 

1.6 

TO 

1.7 

25 

,i 

22  TO 

2a 

72  Trj 

T  ft 

0 

1  .7 

TO 

1.8 

28 

i£ 

2a  TO 

26 

TO 

85 

15 

1  .8 

TO 

1.9 

21 

-- 

•a 

2o  TO 

28 

85  TO 

91 

17 

1  .9 

TO 

2.0 

1  8 

J 

28  TO 

30 

91  TO 

98 

21 

2.0 

TO 

?, « 

52 

= 

30  Til 

32 

9ft  TO 

104 

£ 

?.# 

TO 

2.6 

16 

32  TO 

34 

10#  TO 

127 

0  2 

2.6 

TO 

2.8 

16 

j 

39  TO 

45 

127  T(J 

1  u  7 

15 

2. ft 

TO 

3.0 

3 

" 

as  TO 

55 

'  147  TO 

180 

24 

3.0 

TO 

3.5 

15 

J 

55  TO 

71 

181)  TO 

23? 

12 

3.5 

TO 

4.0 

5 

g 

71  TO 

100 

23?  TO 

32» 

21 

4.0 

TO 

4.5 

1 

OVER 

100 

OVER 

3?B 

28 

OVER 

4.5 

8 

-M 

3.5-47 


1750  ft 


Area: 


CITY  -  Pre-Dawn  (Wavelength  =  9.0  -  11.4  um) 
Temperature  Threshold  =  Mean  +  2.03  a 
Mean  =  275.07  Kelvin 
Std.  Dev.  =  o  =  0.39  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 


3.5-48 


CITY  -  PRE-DAWN 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


M 

S 

HV  AREA 

Threshold  = 

Mean 

+  2.03  o 

- 4 

r  | 

SQUARE 

i  METERS 

frequency 

Wavelength  = 

9.0 

-  1 1 .4  yim 

—  -  -  --  ~~j! 

1 

6. A 

TO 

10.0 

Mean  =  275.04  Kelvin 

•■s 

' 

0 

5 

10.0 

TO 

15.0 

0 

o  =  0.39  Kelvin 

j 

.  | 

16.0 

TO 

20.0 

1 

§ 

F 

20.0 

TO 

25.0 

1 

:  —i. 

=a 

i  1 

25.0 

TO 

30.0 

0 

%  4,  | 

30.0 

TO 

35.0 

0 

-3 

r 

35.0 

TO 

00.0 

0 

3 

<10.0 

TO 

05.0 

0 

73 

<15,0 

TO 

50.0 

0 

g 

1 

r 

50.0 

TO 

75.0 

0 

1 

75.0 

TO 

100.0 

0 

1 

1  00 .0 

TO 

150.0 

0 

1 

150.0 

TCI 

200.0 

1 

-= 

f, 

200.0 

TO 

250.0 

0 

-5 

250.0 

TO 

300.0 

0 

v  i 

g: 

300. o 

TO 

o  n  o .  o 

0 

1 

f  <  - 

000,0 

TO 

500. 0 

0 

OVER 

50o .  0 

2 

=2 

total  number  op  elliptical  areas  < 

■  5 

:! 

f 

15  FEATURES 

WITH  AREAS  LESS  THAN 

8.00  SQ. 

METERS  WERE  ALSO  RECOGNIZED 

-£ 

»- 

sJi 

| 

BY  PERIMETER 

BY  SHAPE 

1 

I 

METERS 

FEET 

FREQUENCY 

SHAPE  FACTOR 

FREQUENCY 

~~2 

! 

0  TO 

7 

0  TO  22 

0 

0.0  TO 

1.0 

0 

J 

c 

7  TO 

10 

2?  TO  32 

0 

1.0  TO 

1.1 

0 

10  TO 

12 

3?  TO  39 

0 

1.1  TO 

1.2 

0 

■i 

I 

12  TO 

10 

39  Til  05 

0 

1.2  TO 

1.3 

0 

A 

1<I  TO 

16 

05  TO  52 

0 

1  .3  TO 

t.o 

0 

l 

5 

16  TO 

17 

52  TO  55 

0 

1.0  TO 

1.5 

1 

* 

17  TO 

20 

55  TO  65 

0 

1.5  TO 

1.6 

1 

- 

£ 

20  TO 

22 

65  Hi  72 

1 

1  .6  TO 

1.7 

0 

i 

22  TO 

2<t  • 

7?  TO  7fl 

0 

1.7  TO 

1.6 

0 

E 

20  TO 

26 

79  TO  AS 

0 

1.8  TO 

1  .9 

0 

t 

26  TO 

26 

85  TO  91 

1 

1.9  TO 

2.0 

0 

- 

f 

29  TO 

30 

91  To  98 

0 

2.0  TO 

2.0 

1 

sf 

1 

30  TO 

32 

98  TO  100 

0 

2.0  TO 

2.6 

0 

p 

32  TO 

39 

100  Tfl  127 

0 

2,6  TO 

2.8 

0 

p 

39  TO 

05 

127  TO  1 0  7 

0 

2.8  TO 

3.0 

0 

| 

'■5  TO 

55 

107  TO  180 

0 

3.0  TO 

3.5 

1 

1 

i 

55  TO 

71 

180  TO  232 

0 

3.5  TO 

0.0 

1 

1. 

71  TO 

ioo 

232  Til  3?8 

0 

0.0  TO 

0.5 

0 

OVER 

1  oo 

OVFH  32» 

3 

nvFK 

0.5 

0 

-W  J  C 

1 

3.5-49 

1  . 

-» 

- 

1750  ft 


CITY  -  Noon  (Wavelength  =  3.5  -  3.9  ym) 
Temperature  Threshold  =  Mean  +  2.00  o 
Mean  =  283.80  Kelvin 
Std.  Dev.  =  o  =  6.21  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 


3.5-50 


CITY  -  NOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 

Threshold  =  Mean  +  2 

SQUARE 

METERS 

FREQUENCY 

Wavelength  =3.5-3 

Mean  =  283.80  Kelvin 

fl.O 

TO 

10.0 

21 

a  =  6.21  Kelvin 

10.0 

TO 

15.0 

26 

15.0 

■  0 

20.0 

13 

U  - 

20.  o 

TO 

25.0 

8 

25.0 

TO 

30.0 

2 

30.0 

TO 

35,0 

6 

35.0 

T(J 

40.0 

0 

0  0 . 0 

TO 

45.0 

5 

45.0 

TO 

50.0 

5 

50.0 

TO 

75.0 

1  1 

75.0 

TO 

10  0.0 

7 

100,0 

T  0 

150.0 

5 

150,0 

TU 

200.0 

4 

200. 0 

TO 

250.0 

1 

250.0 

TO 

3  0  ()  ,  0 

2 

300.0 

TO 

400.0 

2 

4  0  0,0 

TO 

500, 0 

0 

OVER 

500,0 

i 

TOTAL  NUMBER  OF 

ELLIPTICAL 

AREAS  -  127 

259  FtATURES  WITH  AREAS  LESS  THAN  8.00  3Q.  METERS  WERE  ALSO  RECUGNlZCO 


METERS 

0  TO 

7 

BY  PERIMETER 

FEET 

0  TO  pi 

FREQUENCY 

0 

SHARE 

0.0 

BY  SHAPE 

FACTOR  FREOUtl 

TO  1.0  0 

7  TO 

10 

22  TO 

32 

0 

1  .0 

TO 

1.1 

0 

10  TO 

12 

32  TO 

39 

0 

1.1 

TO 

1.2 

2 

12  Til 

14 

39  To 

45 

5 
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TO 
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7 

!  4  TO 

16 

45  Tn 

82 

0 
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TO 

1.0 

4 

Its  TO 

17 

52  TO 

55 

1  0 

1.0 

TO 

1.5 

7 

17  TO 

20 

55  TO 

65 

19 

1.5 

TO 

1.6 

10 

20  TO 

22 

65  TO 

72 

9 

1.5 

TO 

1.7 

12 

22  TO 

24 

72  Til 

78 

0 

1.7 

TO 

1.8 

20 

24  TO 

26 

78  TO 

AS 

7 

1  .8 

10 

1.9 

9 

26  TO 

28 

85  TO 

01 

6 

1  .9 

TO 

2.0 

« 

28  TO 

30 

9  1  Til 

98 

5 

2,0 

TO 

2.0 

20 

30  TO 

32 

98  TO 

104 

0 

2.4 

TO 

2.5 

5 

32  TO 

39 

104  TO 

127 

13 

2,6 

TO 

2.8 

2 

39  TO 

45 

S  2 7  TO 

147 

9 

2.8 

TO 

3.0 

2 

45  10 

55 

147  To 

180 

13 

3.0 

TO 

3,5 

7 

55  TO 

71 

180  TO 

232 

9 

3,5 

TO 

0.0 

4 

71  TO 

100 

232  TO 

3?S 

9 

0.0 

TO 

0.5 

2 

OVER 

100 

OVER 

328 

13 

over 

4.5 

2 
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-  1750  ft  - 

CITY  -  Noon  (Wavelength  =  3.5  -  3.9 
emperature  Threshold  =  Mean  +  3.50  o 
Kean  -  283.80  Kelvin 
Std.  Dev.  =  a  =  6.21  Kelvin 


EQUIVALENT  ELLIPTICAL  AREAS 


3.3-52 


CITY  -  NOON 

distribution  of  elliptical  areas  greater  than  threshold 


ov  Threshold  =  Mean  +  3.50  a 


Square 

METERS 

FRFOUENCV 

Wavelength  =3.5-3 

8.0 

TO 

10.0 

2 

Mean  =  283.80  Kelvin 

to.o 

TO 

15.0 

7 

a  =  6.21  Kelvin 

15.0 

TO 

20.0 

1 

20.0 

TO 

25.0 

1 

25.0 

TO 

3o.n 

1 

30.0 

TO 

35.0 

2 

35. 0 

TO 

00.0 

1 

00  ,  0 

TO 

R5.0 

1 

<45.0 

TO 

50.0 

1 

50.0 

TO 

75.0 

3 

75.0 

TO 

100,0 

3 

100.0 

TO 

150,0 

0 

150.0 

TO 

200,0 

0 

Poo.o 

TO 

250,0 

1 

250.0 

TO 

300.0 

0 

300.0 

TO 

<40  0.0 

0 

000.0 

TO 

500.0 

0 

OVER 

500,0 

0 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  «  2<4 

35  FEATURES  KITH  ARF.AS  LESS  THAN  8,00  SO.  METERS  HERE  ALSO  RECOGNIZED 


HY  PERIMETER  BY  SHAPF 


MtTtRS 

FEE  T 

FREQUENCY 

SHAPE 

factor 

FRFQUENCY 

0 

TO 

7 
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TO 

22 
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0.0 
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.0 

0 
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TO 

10 
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TO 
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0 

1.0 

TO 

1 

.1 

0 

10 

TO 

12 

3? 

TO 

39 

0 
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TO 

1 

.2 

1 

12 

TO 

10 

39 

TO 

05 

0 
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TO 

1 

.3 

0 

10 

TO 
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TO 

52 

0 

1.3 

To 

1 

.0 

5 

lo 

TO 

17 

52 

TO 

55 

5 

1  ." 

TO 

1 

.5 

3 

1  7 

Tn 

20 

55 

TO 

65 

3 

1  .5 

TO 

1 

.6 

2 

20 

TO 

22 

65 

TO 

72 

1 
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TO 

1 

.7 

2 

22 

TO 
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7? 

TO 

7b 

0 

1.7 

TO 

1 

.8 

3 
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TO 

26 

78 

TO 

85 

l 
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TO 

1 

.9 

2 

2b 

TO 

28 

85 

TO 

91 

1 

1  .9 

TO 

2 

.0 

1 

28 

TO 

30 

<M 

TO 

98 

1 
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TO 

2 

.0 

3 

30 

TO 

32 

9R 

TO 

1  no 

0 
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TO 

2 

.6 

0 

32 

TO 

39 

1  go 

TO 
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0 

2.6 

TO 

2 

.8 

1 

30 

TO 

05 

127 

TO 
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44 
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TO 

3 

.0 

0 

05 

TO 

S3 
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Til 
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0 

3.0 

TO 

3 

.5 

0 

55 

TO 

71 

180 

TO 

232 

1 
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TO 

0 

.0 

1 

71 

TO 
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TO 
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3 
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TO 

0 

.5 

0 

OVE  R 
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OVE  R 
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0 

OVER 

0 

.5 

0 
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Jm 


CITY  -  NOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


SQUARE  METERS 


fa  Threshold  =  Mean  +  2.53  a 

frequency  Wavelength  =  4.5  -  5.5  ym 

Mean  =  278.05  Kelvin 


H 

- 

a.o 

TO 

10,0 

17 

i 

10,0 

TO 

15,0 

31 

a  =  2.04  Ke I vin 

1S.0 

TO 

20.0 

19 

P 

20.0 

TO 

25.0 

17 

i' 

25.0 

TO 

3  0.0 

6 

J: 

30.0 

TO 

35.0 

o 

35.0 

TO 

40 , 0 

4 

00.0 

TO 

45.0 

7 

05.0 

TO 

50.0 

4 

i 

sn.o 

TO 

75.0 

12 

1 

75.0 

TO 

100,0 

7 

i- 

100.0 

TO 

150,0 

4 

150.0 

TO 

200 . 0 

3 

s. 

200 . 0 

TO 

250.0 

3 

T 

250. 0 

TO 

300.0 

0 

S#  j 

300,0 

TO 

400 . 0 

0 

f*  \  r 

«00 , 0 

TO 

500..  0 

0 

f- 

OVER 

500.0 

5 

-- 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  « 

148 

1 

230  FEATURES 

WITH  AREAS 

less 

THAN  8.00  3(3. 

MFTER3  were 

ALSO  RECOf.NIZED 

* 

i 

g 

07  PERIMETER 

BY  8HAPF 

# 

METERS 

FEET 

FREQUENCY 

SHAPE 

FACTOR 

FREQUENCY 

f. 

0  TO 

7 

0  T|| 

22 

0 

0 , 0 

TO 

1.0 

2 

1 

7  TO 

10 

22  TO 

32 

0 

1  .0 

TO 

1.1 

0 

i: 

10  TO 

12 

32  TO 

39 

0 

1 . 1 

TO 

1.2 

0 

12  TO 

14 

34  TO 

45 

1 

1  .2 

TO 

1.3 

5 

[ 

14  TO 

16 

45  TO 

52 

0 

1.1 

TO 

l.« 

4 

if- 

16  TO 

17 

5?  TO 

55 

1? 

1.4 

TO 

1  .5 

7 

> 

17  TO 

20 

55  TO 

65 

1  1 

1  .5 

TO 

1.6 

32 

t 

i 

20  TO 

22 

65  TO 

72 

19 

:  .8 

TO 

1.7 

7 

22  TO 

24 

72  TO 

78 

•  0 

1.7 

TO 

1  .8 

17 

1 

24  TO 

26 

70  TO 

AS 

1  3 

1  .8 

TO 

1  ,9 

8 

r 

26  TO 

26 

85  TCI 

9  1 

5 

1  .9 

TO 

2.0 

5 

5 

»•- 

28  TO 

30 

91  T(1 

98 

1  1 

2.0 

TO 

2.4 

30 

ft 

f}* 

30  TO 

32 

98  TO 

104 

0 

2.4 

TO 

2.6 

7 

32  TO 

39 

104  TCI 

127 

16 

2.6 

TO 

2.8 

5 

I 

34  TO 

45 

l  ? 7  TO 

147 

1  3 

2.8 

TO 

3.0 

7 

45  TO 

55 

T  47  TO 

1  AO 

1  6 

3.0 

TO 

5.5 

6 

55  TO 

T  l 

180  TO 

232 

I  1 

5.8 

TO 

4.0 

3 

71  TO 

100 

23?  TO 

328 

10 

4.0 

TO 

4.5 

1 

OVER 

100 

OVFR 

328 

1  0 

nvF  h 

4.3 

a 

3.5-55 


jtfllMn, 


CITY  -  NOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


ftV  AREA 


Threshold  =  Mean  +  3.29  o 


SQUARE 

METERS 

F  REOUENCY 

8.0 

TO 

10.0 

5 

10.0 

TO 

15.0 

5 

is.n 

rn 

?o,e 

A 

?0.o 

Til 

25,0 

? 

26.0 

TO 

30.0 

2 

30.0 

TO 

35.0 

2 

35,0 

TO 

on.o 

3 

00.0 

TO 

9  5.0 

2 

95 . 0 

TO 

50. 0 

2 

EO.o 

TO 

75.0 

1 

75.n 

TO 

100,0 

1 

100,0 

TO 

150.0 

1 

150,0 

TO 

200.0 

0 

200,0 

TO 

250.0 

0 

250.0 

TO 

300.0 

0 

300.0 

TCI 

ROO.O 

0 

900, n 

TO 

500*0 

0 

OVER 

500,0 

0 

TOTAL  NUKflER  OK  ELLIPTICAL  AREAS  -  3« 


Wavelength  =  4.5  -  5.5  pm 
Mean  =  278.05  Kelvin 
a  =  2.04  Kelvin 


109  EtATURE3  WITH  AHFAS  LESS  THAN  6.00  SO.  METERS  WERE  AL30  RECOGNIZFO 


BY  PERIMETER  BY  SHAPE 


ME  T EH 5 

EFET 

FREQUENCY 

SHAPE 

FACTOR 

FHEOUtNCY 

0 

TO 

7 

0 

TO 

22 

0 

0.0 

TO 

1.0 

2 

7 

TO 

1  0 

22 

TO 

32 

0 

1  .6 

TO 

1  .  1 

0 

10 

TO 

1  2 

32 

TO 

39 

0 

1.1 

TO 

1.2 

0 

12 

TO 

19 

39 

TO 

95 

3 

1  .? 

TO 

1.3 

2 

19 

TO 

1  6 

95 

TO 

52 

l 

1  .3 

TO 

1.9 

5 

16 

TO 

17 

52 

TO 

?“• 

5 

1.9 

TO 

1  .5 

5 

17 

TO 

20 

55 

TO 

65 

3 

1  .5 

TO 

1  .6 

6 

20 

TO 

22 

65 

TO 

72 

1 

1.6 

TO 

1.7 

2 

22 

TO 

29  . 

72 

TO 

76 

0 

1  .7 

TO 

1  .« 

1 

29 

TO 

26 

76 

TO 

65 

3 

1.6 

TO 

1  .9 

2 

26 

TO 

26 

65 

TO 

91 

2 

1  .9 

TO 

2.0 

9 

26 

TO 

30 

9  1 

TO 

96 

5 

?.o 

TO 

2.9 

3 

30 

TO 

32 

96 

TO 

109 

0 

2.9 

TO 

2.6 

0 

32 

TO 

39 

1  09 

TO 

127 

u 

2.6 

TO 

2.8 

0 

39 

TO 

95 

127 

TO 

197 

3 

2.6 

TO 

3.0 

0 

<15 

TO 

55 

197 

Tn 

160 

2 

3.0 

TO 

3.5 

0 

55 

TO 

71 

160 

TO 

’32 

2 

3.6 

TU 

9.0 

0 

71 

TO 

100 

232 

TO 

328 

0 

9.0 

TO 

9.5 

0 

im.R 

100 

OVER 

3?e 

0 

OVER 

9  .5 

0 

3.5-57 


CITY  -  NOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


1 


7 

f 

V 


S' 

«V 

/-REA 

Threshold  =  Mean  +  2.82  a 

SQUARE 

:  meters 

frequency 

Wavelength  =  9.0  -  11.4  um 

Mean  =  279.05  Kelvin 

& 

8.0 

TO 

10.0 

17 

% 

10.0 

TO 

15.0 

30 

a  =  2.76  Kelvin 

18.0 

TO 

20.0 

19 

20.0 

TO 

28.0 

11 

2- 

25.0 

TO 

30.0 

0 

7: 

40,0 

TO 

35,0 

6 

£• 

38.0 

TO 

00  ,  0 

1 

OO  .  0 

TO 

05,0 

0 

7 

0  5.0 

TO 

50.0 

3 

S')  ,  0 

TO 

75.0 

7 

75,0 

TO 

100.0 

2 

100.0 

To 

180.0 

3 

180.0 

TO 

200.0 

1 

fe 

200,0 

TO 

280.0 

1 

250.0 

TO 

300.0 

0 

z 

j 

300.0 

TO 

aoo.o 

1 

fi' 

v_. 

000.0 

TO 

5  0  0.0 

r, 

p" 

Over 

500.0 

1 

f 

TOTAL  NUMBER  OF 

ELLIPTICAL  AREAS  «  119 

£ 

207  FEATURES 

WITH  AREAS 

LtSS  than  8.00  SQ. 

HETER3  WERE  ALSO  RECOGNIZED 

t. 


h 

i 


BY  PtRIMtTER  BY  SHAPE 


,  = 

METERS 

F 

EtT 

FREQUENCY 

shape  factor 

FREQUENCY 

4 

*■_ 

0 

TO 

7 

0 

TO 

2? 

0 

0.0 

TO 

1  .  0 

0 

:| 

k 

7 

TO 

1  0 

22 

TO 

32 

0 

1  .0 

TO 

1  .  1 

0 

-1 

li¬ 

1  0 

TO 

12 

3? 

in 

39 

0 

1 .1 

TO 

1,2 

0  , 

fe 

12 

TO 

10 

49 

TO 

05 

3 

1 .? 

TO 

1.3 

3 

IT 

10 

TO 

16 

OS 

TO 

52 

0 

1  .3 

TO 

1  >0 

9 

i 

6 

16 

TO 

1  7 

52 

TO 

55 

7 

1  .0 

TO 

1.5 

5 

i 

*... 

r 

1  7 

T!1 

20 

55 

TO 

65 

18 

1  .5 

TO 

1 .6 

1  3 

20 

TO 

22 

65 

TO 

72 

7 

1  .6 

TO 

1.7 

1  0 

'■ 

22 

TO 

20  • 

7? 

TO 

78 

0 

1.7 

TU 

1.8 

1  6 

■3 

r 

20 

TO 

2b 

78 

TO 

85 

16 

1.8 

TO 

1.9 

0 

. 

7y 

tL  u 

TO 

28 

85 

TO 

91 

B 

1.9 

TO 

2.0 

7 

i 

• 

2H 

TO 

30 

<>1 

TO 

98 

6 

2.0 

TO 

2.0 

20 

|r 

30 

TO 

32 

98 

TO 

1  08 

0 

2.0 

TO 

2.6 

5 

J 

k 

12 

TO 

39 

100 

TO 

127 

10 

2.6 

TO 

2.8 

1  1 

if 

p 

39 

TO 

95 

.127 

TO 

107 

5 

?.« 

TO 

3  •  - 

3 

M 

OS 

TO 

55 

107 

TO 

180 

1  7 

3.0 

TO 

3.5 

5 

j 

55 

TO 

71 

180 

TO 

232 

B 

3.5 

TO 

0.0 

2 

71 

TO 

100 

24? 

TO 

328 

0 

0.0 

TO 

0.5 

1 

| 

OVER 

100 

0>. 

-  n 

3?8 

6 

OVFR 

0,5 

i 

3 . 5-59 


i 


. t,  JMteUiLiiL.lil>  1 1  . IliiL . I.:.;.i!|l,;,ili|ji;||  ].  ijjL,  ^  ±  ^  jj.i 


1750  ft 


CITY  -  Noon  (Wavelength  =  9.0  -  11,4  pm) 
Temperature  Thresnold  ~  Mean  +  3.57  a 
Mean  =  279.05  Kelvin 
Std.  Dev.  =  a  =  2.75  Kelvin 


EQUIVALENT  ELLIPTICAL  AREAS 

3.5-60 


2pi 


CITY  -  NOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


ar  arfa 


SQUARE 

heters 

FREQUENCY 

fl.O 

TO 

10.0 

5 

10.0 

TO 

15.0 

6 

1S.0 

TO 

20.0 

2 

20.0 

TO 

25.0 

5 

25.0 

TO 

30.0 

1 

30,0 

TO 

35,0 

3 

35.0 

TO 

00 . 0 

I 

<10,0 

TO 

<15.0 

0 

<15.0 

TO 

50.0 

1 

50 . 0 

TO 

75.0 

1 

75.0 

TO 

100.0 

2 

100.0 

TO 

150.0 

2 

150.0 

TU 

2no.  n 

0 

200,0 

TO 

250.0 

0 

250.0 

TO 

100.0 

0 

300 . 0 

TO 

<10  0.0 

0 

uon.o 

TO 

Soo.  0 

0 

OVER 

500.0 

0 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  20 


Threshold  =  Mean  +  3.57  a 
Wavelength  =  9.0  -  11.4  um 
Mean  =  27S.05  Kelvin 
a  -  ?.76  Kelvin 


210  FEATURES  with  AREAS  LESS  THAN  6,00  SO.  METERS  WERE  ALSO  RECOr.NlZFD 


METERS 


HY  PERIMETER 
EFET 


FREQUENCY 


BY  SHARE 

SHAPE  FACTOR  FREQUENCY 


0 

TO 

7 

0 

TO 

22 

0 

7 

TO 

10 

22 

TO 

32 

0 

10 

TO 

12 

32 

TO 

39 

( 

12 

TO 

111 

39 

TO 

115 

0 

Id 

TO 

16 

d5 

TO 

52 

0 

16 

TO 

17 

52 

TU 

55 

2 

1  7 

TO 

20 

55 

TO 

65 

<1 

20 

TO 

22 

65 

TO 

72 

2 

22 

TO 

2d  • 

7  ' 

TO 

78 

0 

2d 

TO 

26 

7  ft 

TO 

85 

1 

26 

TO 

28 

65 

TO 

9  1 

1 

28 

TO 

30 

91 

TO 

98 

d 

30 

TO 

32 

98 

TO 

lod 

0 

32 

TO 

39 

1  Od 

TO 

127 

7 

39 

TO 

<15 

.  127 

TO 

1U7 

2 

U5 

TO 

55 

1  d  7 

TO 

180 

2 

55 

TO 

71 

1«0 

TO 

232 

2 

71 

TO 

100 

212 

TO 

328 

2 

OVER 

100 

OVER 

328 

0 

0.0  TO  1.0  0 

1  0  TO  1 .  1  0 

1 . 1  TO  1 .2  0 

1.2  TO  1,3  0 

1  ,  X  TO'  1.0  1 

1,1!  Til  1,5  0 

1 .5  TO  1.6 

1.6  TO  1,7 

1  .7  TO  1  .B  .1 

1  .9  TO  1  .9  d 

1  .9  TO  2,0  2 

2.0  TO  2. «  7 

?.u  TO  2,6  2 

?,6  TO  ?.«  0 

2. A  TO  1.0  0 

3.0  T.1  i  ,  5  1 

3.6  TU  0 ,0  0 

U .0  TO  « .5  0 

nv(  •’  <;,5  0 


0.5-61 


t  'S 


1750  ft 


CITY  -  Sunset  (Wavelength  =  4.5 
Temperature  Threshold  =  Mean  =  2 
Mean  =  275.60  Kelvin 
Std.  Dev.  =  a  =  0.35  Kelvin 


EQUIVALENT  ELLIPTICAL  AREAS 


00 


3.5-62 


Terim 


CITY  -  SUNSLT 

DISTRIBUTION  OT  ELLIPTICAL  AREAS  GREATFR  THAN  THRESHOLD 


HV  AREA 


SQUARE 

.  METERS 

FREQUENCY 

8.0 

TO 

10.0 

1 1 

10.0 

TO 

15.0 

27 

IS  t 

TO 

20.0 

a 

20.0 

TO 

25.0 

7 

25,0 

TO 

30  .  n 

3 

30.0 

TO 

35.0 

0 

35.0 

TO 

00.0 

3 

0  0,0 

TO 

05.0 

0 

0  5 , 0 

TO 

50.0 

0 

5  0.0 

TO 

75.0 

7 

7  5.0 

TO 

100.0 

3 

100.0 

TO 

15  0.0 

5 

150.0 

TO 

200,0 

2 

200.0 

TO 

250.0 

0 

250,0 

TO 

1  U  it  ,  0 

0 

ino,  o 

TO 

0  0  0.0 

0 

0  0  0,0 

TO 

500.0 

1 

DYER 

500.0 

0 

Threshold  =  Mean  4  2.00  o 
Wavelength  =  4.5  -  5.5  pm 
Mean  =  275.60  Kelvin 
o  =  0.35  Kelvin 


TOTAL  NUMBER  Of  ELLIPTICAL  AREAS  »  85 

UM  F  t  A  HIRE3  mITH  AREAS  LtSS  THAN  b.oo  SQ.  METERS  were  ALSO  recognized 


METERS 


BY  PERIMETER 
FEET 


BY  shape 


0 

TO 

7 

0 

TO 

22 

7 

TO 

10 

22 

Til 

32 

10 

TO 

12 

52 

TO 

39 

12 

TO 

to 

39 

TO 

05 

1  4 

TO 

16 

OS 

TO 

52 

16 

TO 

1  7 

52 

TO 

55 

1  7 

TO 

20 

55 

Til 

65 

20 

TO 

22 

65 

T  (1 

72 

22 

TO 

20 

72 

TO 

76 

20 

TO 

26 

70 

TO 

a5 

26 

TO 

2tt 

65 

TO 

91 

28 

TO 

30 

91 

Tn 

98 

30 

TO 

32 

9R 

Tn 

1  00 

32 

TO 

39 

100 

TO 

127 

39 

TO 

05 

127 

TO 

107 

05 

TO 

55 

’1  07 

Til 

1  00 

55 

Til 

7  1 

180 

Til 

232 

7  1 

TO 

1  oo 

232 

TO 

328 

OVER 

100 

OVER 

328 

FREQUENCY 

0 

0 

0 

5 
0 
8 

1  1 
12 
0 
7 

6 
3 
0 
5 
u 
0 
3 
7 
fl 


SHAPE 

.  factor 

FREQUENCY 

o.o 

TO 

1  .0 

0 

1  .0 

TO 

1.1 

0 

1 . 1 

TO 

1.2 

1 

1.2 

TO 

1  .3 

7 

1.5 

TO 

1.0 

7 

1  .« 

TO 

1  .5 

Q 

1  .5 

TO 

1  .6 

10 

1  .6 

TO 

1,7 

6 

1  .7 

TO 

1  .8 

15 

1  .8 

TO 

1  .9 

3 

1  .9 

TO 

2.0 

u 

2.0 

TO 

2.0 

1  1 

2.0 

TO 

2 . 6 

0 

2.6 

1  0 

2.8 

3 

2.8 

TO 

5.0 

2 

J.o 

TO 

3.5 

1 

3.5 

TO 

0.0 

1 

o.o 

TO 

0.5 

3 

over 

0.5 

2 

3.5-63 


/ 


I. 


2pL 


P  123 


LI 


L384- 


,750  ft 


Area:  CITY  -  Sunset.  (Wavelength  =  4.5  -  5.5  pm) 
Temperature  Threshold  =  Mean  +  3.71  a 
Mean  =  275.60  Kelvin 
Std.  Dev.  =  o  =  0.35  Kelvin 


EQUIVALENT  ELLIPTICAL  AREAS 


m 


\ 


3 . 5—64 


CITY  -  SUNSET 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  *HFA 


Threshold  =  Mean  +  3.71  o 


square  hetfrs  frequency 


8.0 

TO 

10.0 

3 

lO.O 

TO 

1S.0 

1 

15,0 

TO 

?0.0 

2 

2C  .0 

TO 

?5 . 0 

? 

25.0 

TO 

30.0 

0 

30.0 

TO 

35.0 

0 

35,0 

TO 

00. 0 

0 

00. 0 

TO 

“5.0 

0 

15 , 0 

TO 

50.0 

0 

50.0 

TO 

75.0 

0 

75.0 

TJ 

100.0 

1 

1  0  0 . 0 

TO 

150.0 

0 

150.0 

TO 

200.0 

1 

200.0 

TO 

25o.O 

0 

250,0 

TO 

300.0 

0 

300.0 

TO 

000.0 

0 

<100.0 

TO 

5  0  0.0 

0 

OVER 

500.0 

0 

Wavelength  ~  4.5  -  5.5  ynt 
Mean  =  275.60  Kelvin 
o  =  0.35  Kelvin 


TO j AL  NUMBEK  OF  ELLIPTICAL  AREAS  -  10 

11  FtATURES  WITH  ARIAS  LESS  TRAN  8.00  SQ.  METTHS  WECE  ALSO  RECOGNl ZED 


BY  PERIMETER  6Y  SHAPE 


HF.TERS 

F*£I 

FREQUENCY 

shape 

FACTOR 

FREQUENCY 

0 

TO 

7 

0 

Til 

22 

' 

0.0 

TO 

1 

.0 

0 

7 

TU 

1  0 

22 

TO 

3? 

0 

1  .0 

TO 

1 

.  1 

0 

10 

TO 

12 

32 

TO 

31 

0 

1 . 1 

TO 

1 

.2 

0 

12 

t  n 

10 

31 

TO 

U5 

0 

1.2 

TO 

1 

.3 

0 

10 

TO 

16 

<J  5 

TO 

52 

0 

1.3 

TO 

1 

2 

16 

TO 

17 

52 

TO 

55 

2 

1  .u 

TO 

1 

.5 

0 

17 

TO 

20 

55 

TO 

65 

c 

1.5 

TO 

1 

2 

’0 

TO 

22 

65 

TO 

72 

1 

1  .6 

TO 

1 

.7 

0 

02 

TO 

?') 

72 

Til 

73 

<1 

1  .  7 

TU 

1 

.6 

2 

2u 

TO 

26' 

78 

TO 

85 

1 

1  .8 

Til 

1 

.1 

2 

2b 

TO 

85 

TO 

11 

0 

1  .1 

TO 

2 

.0 

0 

Ph 

TO 

3b 

1  I 

TO 

18 

0 

2.1 

TO 

2 

0 

30 

TO 

32 

i  r. 

TO 

10‘l 

0 

?.« 

TO 

2 

.6 

0 

32 

It) 

Jv 

1  o« 

TO 

1  ?  7 

2 

2.6 

lO 

2 

.8 

1 

31 

TO 

«5 

1  27 

Til 

1  «  7 

0 

2.8 

TU 

3 

.0 

0 

0  5 

in 

55 

107 

10 

180 

0 

3.0 

TO 

3 

.5 

0 

55 

TO 

71 

1  H  0 

TlJ 

232 

0 

3.5 

TO 

u 

.0 

1 

71 

TO 

loo 

23? 

TO 

32* 

J 

<4 . 0 

TO 

6 

.5 

0 

OVER 

1  00 

ovLr 

J?8 

1 

rwE « 

6 

.5 

0 

3 . 5-o5 


1750  ft 


CITY  -  Sunset  (Wavelength  =  9.0  -  11.4  uni) 
Temperature  Threshold  Mean  +  1.C9  o 
Mean  =  <775.59  Kelvin 
Std.  Dev.  =  a  -  0.49  Kelvin 


EQUIVALENT  ELLIPTICAL  AREAS 


3.5-G6 


CITY  -  SUNSET 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


Dr  arm 

SQUARE  BETEHS  FREQUENCY 


8.0 

TO 

10,0 

8 

1  0.  U 

ro 

15.  n 

18 

15.0 

TO 

2  0.0 

1  1 

20.4 

TO 

25.0 

7 

£5.0 

Til 

3 1> ,  0 

5 

30. 0 

TO 

35.0 

1 

35.0 

TO 

00. 0 

<1 

0.0 

TO 

4  5,0 

2 

45.0 

TO 

50.0 

<1 

50.0 

TO 

75.0 

6 

75.0 

TO 

100.0 

7 

1  00. 0 

TO 

150,0 

3 

150.0 

Ti) 

200.0 

1 

?oo.o 

TO 

250.0 

3 

25  0,0 

TO 

30  0.0 

1 

3  0  0  .  o 

TO 

0  0  0  .  o 

1 

400.0 

TO 

5  0  0.0 

1 

OVER 

500.0 

4 

Threshold  =  Mean  -<  1.69  o 
Wavelength  =  9.0  -  11. 4  pm 
Mean  -  275.99  Kelvin 
o  =  0.49  Kelvin 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  - 

171  FtiTURES  WITH  AREAS  LESS  THAN  6,00  SO.  METERS  WERE  ALSO  RECOGNUFD 


BY  PERIMETER  BY  SHAPE 

meters  feet  frequency  shape  factor  frequency 


0 

TO 

7 

0 

TO 

22 

0 

7 

TO 

1  0 

22 

TO 

32 

0 

10 

TL1 

12 

32 

TO 

39 

0 

12 

TO 

14 

39 

TO 

45 

7 

14 

TO 

16 

45 

TO 

52 

0 

16 

TO 

1  7 

5? 

TO 

55 

3 

t  7 

TO 

20 

55 

TO 

65 

6 

20 

TO 

22 

65 

TO 

72 

6 

22 

TO 

24  . 

7? 

TO 

76 

0 

24 

TO 

2b 

78 

Ti; 

65 

7 

26 

TO 

2H 

65 

TO 

91 

7 

26 

Tfl 

30 

9  1 

TO 

96 

4 

30 

TO 

32 

OR 

Hi 

10 

0 

32 

T  1 , 

39 

104 

1  0 

127 

1  0 

39 

TO 

45 

127 

TO 

1  4  7 

1 1 

45 

TO 

55 

1  «  7 

T  0 

160 

5 

55 

TO 

7  1 

1  yo 

TlJ 

2  12 

4 

71 

TO 

mo 

232 

TO 

32« 

3 

OVER 

100 

OVER 

328 

1  1 

0.0  TO  l.o  0 

1 .0  TO  1 . 1  0 

1.1  TO  1,1?  1 

1 .?  TO  1 . J  7 

1.5  TO  1.4  5 

l.u  TO  1.5  1 

1  .S  TO  1  .6  a 

1.6  TO  1,7  10 

1 .7  TO  1 .0  16 

1 .8  TO  1  .9  II 

1.9  TO  2  0  7 

?.0  TfW.fl  fl 

?.«  TO  7.6  5 

2.6  TO  2.8  1 

2.6  TO  3,0  0 

7.0  TO  i.L  j 

3,5  HJ  4.0  1 

4.0  TO  r.5  2 

OVER  <1.5  } 


3. 5-67 


n 


2erjm. 


i. 


P123 


LI 


L  384 


1750  ft 


P523 


Area:  CITY  -  Sunset  (Wavplength  =  9.0  -  11.4  tim) 
Temperature  Threshold  =  Mean  +  3.00  a 
Mean  =  275.59  Kelvin 
Stci .  Dev.  =  o  =  0.49  Kelvin 


EQUIVALENT  ELLIPTICAL  AREAS 


3.5-68 


Jim 


CITY  -  SUNSET 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  ARE* 

square  meters  f  re quf nc y 


8,0 

TO 

10,0 

1 

lO.n 

TO 

15.0 

7 

r>.  o 

TO 

20.0 

2 

20.0 

TO 

25.0 

1 

25.0 

TO 

10.0 

0 

30.0 

TO 

35.0 

1 

35.0 

TO 

80.0 

0 

ao .  n 

TO 

85.0 

0 

a5 .  o 

TO 

50.0 

0 

50 . 0 

TO 

75.0 

0 

75.0 

TO 

100.0 

0 

100. o 

TO 

150.0 

2 

1SO.O 

TO 

200,0 

0 

200.0 

TO 

250.0 

0 

250,0 

TO 

300.0 

0 

300,0 

TO 

8  0  0.  / 

0 

800.0 

TO 

500.0 

0 

OVER 

500.0 

0 

TOTAL  NUMBER  OF  ELL  II  1'IC  AL  AREAS  «  la 


Threshold  =  Mean  +  3.00  0 
Wavelength  =  9.0  -  11,4  jjin 
Mean  =  375.59  Kelvin 
o  =0.49  Kelvin 


28  FEATURES  WITH  AREAS  LESS  THAN  8,00  30,  METERS  WERE  ALSO  RECOGNIZED 


BY  PERIMETER 


BY  SHARE 


METERS 


FEET  FREQUENCY 


shape  factor  frequency 


0 

10 

7 

0 

TO 

22 

7 

TO 

1  0 

22 

TO 

32 

0 

10 

TO 

1  2 

3? 

TO 

39 

0 

12 

TO 

18 

39 

TO 

85 

0 

18 

TO 

1  0 

85 

TO 

52 

0 

1  6 

TO 

1  7 

52 

TO 

55 

1 

1  7 

TO 

20 

55 

TO 

65 

8 

20 

TO 

22 

65 

TO 

72 

3 

22 

TO 

28  , 

7? 

TO 

78 

0 

28 

TO 

26 

78 

TO 

8  5 

0 

26 

rn 

28 

85 

TO 

9  1 

Km 

28 

TO 

30 

51 

TO 

98 

1 

30 

TO 

32 

98 

TO 

108 

0 

32 

TO 

39 

1  08 

To 

127 

1 

30 

TO 

8  5 

127 

TO 

187 

0 

8  5 

TO 

55 

'  187 

TO 

180 

0 

55 

Tn 

71 

180 

TO 

232 

2 

71 

TO 

100 

232 

TO 

328 

0 

over 

100 

OVER 

326 

0 

0 . 0 

TO 

1.0 

0 

1.0 

TO 

1  .  1 

0 

1.1 

TO 

1.2 

1 

I.? 

TO 

1.3 

0 

1.3 

TO 

1  .« 

2 

1  .  8 

TO 

1  .5 

3 

1  ,5 

TO 

1  ,  6 

2 

1  .6 

TCI 

1.7 

0 

1.7 

TO 

1  .8 

1 

1  .8 

TO 

1  .9 

3 

1.9 

TO 

2.0 

1 

2.0 

TO 

2.8 

1 

2.8 

TO 

2.6 

0 

2.6 

TO 

2.8 

n 

2,8 

TO 

3.0 

0 

3.0 

TO 

4.5 

0 

3.5 

TO 

8.0 

0 

8.0 

TO 

8.5 

0 

OVFH 

8.5 

0 

3.  r>  -70 


CITY  -  MIDNIGHT 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


OV  AGFA 


IL 

square 

METt'MS 

FREQUENCY 

'h 

8. 

0 

10 

10.0 

?U 

ig 

to. 

0 

TO 

15.0 

31 

13. 

ft 

TO 

20.0 

1  R 

20. 

ft 

T 1 } 

25.0 

A 

r 

2S . 

ft 

TO 

3o. c 

4 

=L. 

30. 

ft 

TO 

35,0 

A 

35. 

0 

TO 

4  0.0 

4 

40. 

n 

TO 

4  5.0 

3 

1= 

45. 

0 

Til 

5  0.0 

4 

V- 

30. 

0 

TO 

75.0 

10 

2 

75. 

0 

TO 

100.0 

h 

1  OO. 

ft 

TO 

150.0 

3 

ISO. 

ft 

TO 

2  0  0.0 

2 

* 

200. 

ft 

TO 

250.0 

5 

» 

25  0  . 

0 

TO 

300.0 

1 

r 

M  , 

—  -  3 

3  0  0 . 
400. 

0 

0 

TO 

TO 

ROO.o 

300,0 

u 

0 

nv 

'EM 

300.0 

3 

Threshold  =  Mean  +  1.50  o 
Wavelength  =  4.5  -  5.5  pm 
Mean  =  275.14  Kelvin 
a  -  0.17  Kel vi n 


TOTAL  NUMBER  OF  ELLTPTICAL  AREAS  -  137 


881  FE  A  TUNES-  WITH  AREAS  LESS  THAW  (1,00  30.  METERS  WERE  ALSO  RECOGNIZED 


i- 

r 

P 

BY  21 RI ME  TER 

BY  SHAPE 

w 

METERS 

FFtT 

FREQUENCY 

SHAPE 

FACTOR 

frfquf: 

iff 

=  ; 

0 

TO 

7 

0 

TO 

22 

0 

o.n 

TO 

1.0 

i 

7 

TO 

1  0 

?? 

TCI 

32 

1 

1.0 

TO 

1.1 

0 

E 

10 

TO 

12 

32 

TO 

39 

0 

1.1 

TO 

1.2 

0 

-■ 

12 

TO 

14 

39 

TO 

45 

3 

1 .? 

TO 

1.3 

b 

* 

14 

TO 

lb 

45 

TO 

52 

0 

1.3 

TO 

1.4 

5 

# 

1  A 

TO 

1  7 

5? 

TO 

55 

17 

1.4 

TO 

1.5 

4 

p 

1  7 

TO 

20 

55 

TO 

MS 

1  1 

1  .5 

TU 

1  .  b 

1  h 

20 

TO 

22 

<>5 

TO 

72 

7 

1  .b 

TO 

1.7 

b 

22 

TO 

24 

72 

TO 

70 

0 

1.7 

TO 

1  ,e 

15 

E 

24 

Til 

?b 

7  A 

TO 

MS 

15 

1  .« 

TO 

1  .9 

7 

y 

2b 

TO 

2B 

MS 

TO 

91 

7 

1  .9 

TO 

2.0 

1  3 

2fi 

TO 

3o 

91 

TO 

9M 

7 

2.0 

T  1.) 

2.4 

27 

30 

TO 

32 

9M 

TO 

t  A4 

0 

2.4 

TO 

2 .  b 

1  0 

p=r 

3? 

TO 

39 

104 

T(1 

127 

1  4 

2 ,  b 

TO 

2.S 

9 

39 

TO 

9  5 

127 

TO 

147 

12 

2.P 

TO 

3.0 

4 

45 

TO 

55 

.  147 

TO 

ISO 

1  0 

3.0 

TO 

3.5 

2 

=  - 

55 

TO 

71 

1  SO 

TO 

232 

5 

3.5 

TO 

4.0 

5 

-- 

71 

TO 

loo 

2  32 

TU 

326 

1  2 

4.0 

Til 

4,5 

2 

OVER 

100 

OVFR 

32S 

lb 

OVfR 

4.5 

5 

4| 

V* 

3.5-71 


'  1750  ft 


CITY  -  Midnight  (Wavelength  =  4.5  -  5.5  vim) 
Temperature  Threshold  =  Mean  +  3.63  a 
Mean  =  275.14  Kelvin 
Std.  Dev.  =  a  =  0.17  Kelvin 


EQUIVALENT  ELLIPTICAL  AREAS 


3.5-77. 


-[ ;  ;|  ||  , ||"|||i!|||; '  . . 4 . 


I 

j 


2p _ 

CITY  -  MIDNIGHT 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 

Threshold  =  Mean  +  3.63  a 

. _  _j| 

-4j 

SQUARE 

meters 

FREQUENCY 

Wavelength  =  4.5  -  5.5  ym 

Mean  =  275.14  Kelvin 

fl.O 

TO 

10.0 

6 

j 

10.0 

TO 

15.0 

3 

o  =  0.17  Kelvin 

• 

15,0 

TO 

20.0 

a 

20.0 

TO 

25.0 

3 

-  J 

25.0 

TO 

30.0 

0 

•3 

30.0 

TO 

35.0 

1 

’  1 

35.0 

TO 

RO.o 

0 

j 

R  0 , 0 

TO 

05.0 

0 

-=& 

■45.0 

TO 

50.0 

0 

"4 

50.0 

TO 

75.0 

0 

# 

75.0 

TO 

100.0 

0 

100. f) 

TO 

150.0 

0 

i 

150,0 

TO 

2oo  .0 

0 

200.0 

TO 

2  5  1) ,  0 

0 

.* 

250.0 

TO 

30  0,0 

0 

-:3 

30  0.0 

TO 

R  0  0 . 0 

0 

<100.0 

TO 

500.0 

0 

•- 

flYEH 

500'.  0 

0 

TOTAL  NUMBER  OF 

ELLIPTICAL 

AREAS  =  17 

| 

106  FEATURES  WITH  ARFAS  LESS  TP*N  fl.OO  90.  MfTFRS  WERE  ALSO  RECOGNIZFD 


BY  fERIMtTER  BY  SHAPE 


meters 

FEET 

FREQUENCY 

3HAPt 

factor 

FREQUENCY 

0 

to 

7 

0 

Til 

22 

0 

0.0 

TU  1 

.0 

0 

7 

TO 

10 

22 

TO 

32 

0 

1  .0 

TO  1 

, .  1 

0 

10 

TO 

12 

1? 

rn 

39 

0 

1.1 

TO  1 

.2 

0 

12 

TO 

1  R 

39 

TO 

as 

2 

1  .2 

TO  ! 

.3 

2 

1« 

TO 

16 

<15 

TO 

52 

0 

1  .3 

TO  1 

i  .a 

0 

16 

to 

17 

5? 

TO 

55 

1 

1  .« 

TO  1 

1.5 

1 

17 

TO 

20 

55 

TU 

65 

3 

1  .5 

TO  1 

1  .6 

2 

20 

TO 

22 

65 

TO 

72 

1 

1  .6 

TO  1.7 

0 

22 

TO 

2« 

1? 

TO 

78 

0 

1.7 

TU  1 

1  .8 

5 

2  R 

TO 

26  • 

78 

TO 

85 

1 

1  .« 

TU  1 

1.9 

2 

26 

TO 

28 

85 

TO 

91 

5 

1  .9 

TO  2.0 

0 

?B 

TO 

30 

9  1 

Til 

98 

0 

2.0 

TO  2. a 

0 

30 

TO 

32 

98 

TO 

1  na 

0 

2. a 

Tl)  2.6 

2 

32 

TO 

39 

1  OR 

TO 

127 

0 

2.6 

TO  2.8 

0 

39 

TO 

R  5 

127 

Til 

1  a  7 

1 

2.0 

to  : 

5.0 

1 

R5 

TO 

55 

.1  R7 

TO 

i  81  0 

2 

3.0 

to  : 

5.5 

2 

55 

TO 

71 

1  80 

TO 

23? 

1 

3.5 

TU  i 

4.0 

0 

7  1 

TO 

100 

23? 

Til 

328 

0 

0.0 

TO  a. 5 

0 

OVER 

100 

OVER 

328 

0 

OVFR  < 

a. 5 

0 

3.5-73 


CITV  -  MIDNIGHT 

DISTRIBUTION  OF  ElLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 

square  meters  frequency 


Threshold  =  Mean  +  1.50  o 
Wavelength  =  9.0  -  11.4  urn 


8.0  TU 

10.0 

25 

10. 0  TO 

15.0 

35 

',5.0  TO 

20.0 

lb 

20.0  TU 

25,0 

9 

2  5 .  1  T  U 

30.0 

b 

jn.fi  TO 

3S.0 

1  t 

35.0  TO 

00.0 

4 

4  0.  o  TU 

45.0 

3 

45.0  TO 

50.0 

7 

50.0  TU 

7S.0 

5 

75.0  TU 

100.0 

U 

1  0 1*  .  Q  TU 

1 5  0 . 0 

1 

150. 0  TO 

5  0  0.') 

5 

5  0  0.0  Tl) 

250.0 

5 

250.0  TO 

JO0.0 

2 

300.0  TO 

uoo.o 

0 

000.0  TU 

500.0 

1 

OVER 

500.0 

s 

TOTAI.  NUMBER  u?  ELLIPTICAL  AREAS  " 

132 

354  FEATURES 

WITH  AREAS  LtSS 

THAN  8,00 

rt Y  PERIMETER 

METER3 

FFET 

FREQUENCY 

0 

T  0 

7 

0 

TO 

?5 

0 

7 

TO 

10 

5? 

TO 

35 

0 

10 

Tn 

15 

3? 

TO 

39 

0 

12 

TU 

14 

3» 

Tn 

45 

1  1 

1  4 

TO 

lb 

4S 

TU 

55 

0 

lb 

TO 

17 

5? 

Tn 

55 

8 

17 

in 

20 

55 

TO 

b5 

13 

50 

TO 

22 

6S 

Tfl 

72  ■ 

15 

55 

TO 

24  ■ 

7? 

TU 

78 

0 

24 

TO 

5b 

78 

on 

85 

5 

5b 

10 

50 

85 

Ty 

91 

9 

58 

T(J 

30 

9  1 

Tfl 

99 

4 

30 

TO 

35 

98 

TO 

1  04 

0 

35 

TO 

39 

1  0  4 

Y  0 

1?7 

21 

39 

TO 

4  b 

.157 

T'l 

147 

6 

MS 

TO 

55 

147 

TO 

180 

13 

55 

TO 

71 

180 

TO 

232 

12 

71 

in 

100 

53? 

TO 

i?« 

3 

OVER 

100 

OVER 

3?8 

15 

Mean  =  275.00  Kelvin 
a  =  0.28  Kelvin 


MFTERS  WERE  ALSO  RECOGNIZED 

BY  SHAPE 

shape  factor  frequency 


0.0 

TO 

1 

.0 

0 

1.0 

TO 

1 

.1 

0 

1.1 

TO 

1 

.2 

0 

1.5 

TO 

1 

.3 

12 

1  .3 

TO 

1 

.4 

9 

1  .4 

TO 

1 

.5 

4 

1  ,5 

TO 

1 

.6 

1  0 

1  .  b 

TO 

1  , 

.7 

9 

1.7 

TO 

1  , 

,8 

15 

1.8 

TO 

1  , 

,9 

1  1 

I  •  R 

TO 

5, 

,0 

2 

5.0 

TO 

2, 

,  4 

3b 

2.4 

TU 

2, 

,6 

6 

5  ,  b 

TO 

2, 

.8 

4 

2.8 

TO 

i , 

,0 

3 

3.0 

TO 

3, 

,5 

4 

3.5 

TU 

4  , 

,  0 

2 

4.0 

TO 

4, 

,5 

1 

OVER 

4  i 

,  5 

4 

CITY  -  MIDNIGHT 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


SQUARE  MfTFRS 


BY  AREA 

f REOUf NCY 


8,0 

TU 

1  0 . 0 

1 

10,0 

TO 

15.0 

<1 

15.0 

TO 

20.0 

2 

20.0 

TO 

25,0 

1 

2s.o 

TO 

30.0 

0 

io .  u 

TO 

35.0 

1 

35.0 

TO 

00,0 

1 

<10 . 0 

TO 

<15.0 

0 

OS ,  0 

TO 

50 . 0 

0 

50.0 

TO 

75 , 0 

1 

75.0 

TO 

100.0 

0 

luO.O 

TO 

150.0 

0 

150,0 

TO 

2  00. 0 

1 

200.0 

TO 

250 . 0 

0 

25 o .  0 

TO 

300.0 

0 

500,0 

TO 

<100.0 

0 

<100.0 

TO 

5  00.0 

0 

OVER 

500,0 

1 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  ■=  15 


Threshold  =  Mean  +  2.50  a 
Wavelength  =  9.0  -  11.4  jam 
Mean  =  275.00  Kelvin 
o  =  0.28  Kelvin 


37  FEATURES  with  AREAS  LESS  THAN  8.00  SO,  METERS  WEPF.  ALSO  RtCOGN  T  ZFD 


BY  HER  I  Mt  T£R 


BY  SHAPF 


METERS 

FEET 

FREQUENCY 

SHAPE 

factor 

FREQUENCY 

0 

TO 

7 

0 

TO 

22 

0 

0.0 

TU 

1.0 

0 

7 

TO 

10 

2? 

TO 

32 

0 

1.0 

TO 

1  .  1 

0 

10 

TO 

12 

32 

TO 

3R 

0 

1 . 1 

TO 

1  .2 

1 

12 

TO 

10 

3° 

TO 

05 

0 

1.2 

TO 

1.3 

1 

1« 

TO 

lb 

05 

TO 

52 

0 

1.3 

TU 

1.0 

1 

16 

Til 

17 

52 

TO 

S5 

1 

1  .0 

TO 

1  .5 

0 

17 

TO 

20 

55 

T(1 

65 

0 

1  .5 

TO 

1  .6 

2 

20 

TO 

22 

65 

TU 

72 

2 

1 .6 

TO 

1.7 

1 

22 

TO 

?R 

72 

TO 

78 

0 

1  .  7 

TO 

1.8 

3 

2<1 

TO 

?b  ' 

78 

TO 

85 

1 

1  .  8 

TO 

1,7 

0 

26 

TO 

28 

85 

Tn 

R  1 

0 

1  .0 

TO 

2.0 

2 

2B 

TO 

30 

R  1 

TO 

Rt 

0 

2.0 

TO 

2.0 

1 

30 

TO 

32 

<ih 

TO 

100 

0 

2.0 

TO 

2.6 

0 

32 

TO 

3R 

1  0  0 

TO 

127 

2 

2.6 

TO 

2.8 

0 

3R 

TO 

<15 

127 

T(l 

107 

0 

2.6 

TO 

3.0 

0 

<15 

TO 

55 

•  107 

TO 

1  80 

1 

3.0 

TO 

3,5 

1 

55 

TO 

71 

180 

TU 

232 

0 

3.5 

TO 

o.O 

0 

71 

TO 

1  00 

232 

TO 

3?8 

0 

0.0 

TO 

o,5 

0 

OVER 

100 

OVFH 

326 

2 

OVER 

0.5 

0 

3.5-77 


Term 


MICHIGAN  WINTER  SCENE  -  CITY 


Power  Spectra 


Spectral  Bands: 


3.5  -  3.9  urn 
A. 5  -  5.5  pm 
9.0  -  11.4  pm 


3.5-78 


SPECTRA  -  MICHIGAN  WINTER 


Power  Spectral  Density  is  (°K)  /'ey  cl  e/meter  for 


SPECTRA  -  MICHIGAN  WINTER  SCENE:  MOON  -  (ANGLE:  90  DEG.)  -  CROSS-TRAC< 


*A1ISN3G  IVdljadS  U3M0d 


0 


o 


z 

3 


V- 


3 . 5-B4 


**  Power  S^ec  Density  is  ( Kr/cycle/neter  for  3.5  to  3.9  pm 
4.5  tc  5.5  u.n  and  9.0  to  11.4  urn  bands. 


♦♦AilSrtJO  IVUlOJdS 


3.5-87 


POWER  SPECTRA  -  MICHIGAN  WINTER  SCENE:  SUNSET  -  (ANGLE:  90  DEG.)  -  CROSS-TRACK 


Power  Spectral  Density  is  ("JOVcycle/neter  for 


3.S-V4 


IWER  SPECTRA  -  MICHIGAN.  WINTER  SCENE:  MIDNIGHT  -  (ANGLE:  35  DEG.)  -  IN-TRACK 


2pi 


MICHIGAN  WINTER  SCENE  -  CONIFERS 


Histograms 


Spectral  Bands:  3.5  -  3.9  pm 
4.5-  5 . 5  pm 
9.0  -  11.4  pm 


Circles  define  a  Gaussian  curve  with  the  seme  mean  and  standard 
deviation  as  the  actual  histogram.  An  "S"  un  some  curves  indicates 
saturation.  Because  of  limits  on  gain  settings  some  values  m i j  exist 
beyond  the  digital  limits  of  0  and  255,  the  digital  dynamic  range  of 
the  data  proc  ssing. 


3.5-95 


RADIANCE  IN 


CONIFERS  -  Pre-Da*'!  (Angle:  35  Ceg.l  Wavel 


CONIFERS  -  Noon  (Angle:  35  Deg.)  Wavelength  =  4.5  -  ! 

Mean  =  278.69 
Std.  Dev.  =  0.54 


Sunset  (Angle:  90  Deg.)  Wavelength 


o 

■CP 


3.5-108 


785  290  295  30C 

TEMPERATURE  IN  KELVIN 


Area:  COrilFEAS  -  Midnight  (Angle:  35  Deg.}  Wavelength  =  4.5 

Mean  =  275 
Std.  Dev.  =0.1 


Jim 


MICHIGAN  WINTER  SCENE  -  CONIFERS 

Means  and  Standard  Deviations  for  Spectral  Banda 
Correlations  Between  Spectral  Bands  1 

Spectral  Bands:  Channel  8:  3.5  -  3.9  pm  f°K) 

Channel  10:  A. 5  -  5.5  pm  t3K) 
Channel  12:  9.0  -  11. A  pm  (°K) 


L  ! 


i. 


I 

-  k. 


tf 


t 


3.5-11A 


* 


STATISTICS  OF  THE  CONIFERS  (PRE-DAWN)  SCENE 


Number  of  Subregions: 
Line  Increment  Used: 
Pixel  Increment  Used: 
Correlation  Channels: 


1 

1 

1 

10  (4.5  -  5.5  um) 
12  (9.0  -  11.4  pm) 


90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  385 


Correlation 

10 

12 

10 

1.000 

12 

0.658  1 

.000 

Channels 

10 

12 

Mean 

2.7486E+02 

2.7466E+02 

Standard  Deviation 

9.7860E-02 

1.7563E-01 

Total  Points 

154000. 

154000. 

35°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Cubaren  Divisions  At:  1  211 


Correlation  10  12 

10  1.000 

12  0.553  1.000 


Channel  s 
Mean 

Standard  Deviation 
Total  Points 


10 

2 . 7483E+02 
7 .O218E-02 
84400. 


12 

2.7466E+02 

1.3288E-01 

84400. 


3.5-115 


STATISTICS  OF  THE  CONIFERS  (NOON)  SCENE 


Number  of  Subregions: 
Line  Increment  Used: 
Pixel  Increment  Used: 
Correlation  Channels: 


1 

1 

1 

8  (3 , 5  -  3 . 9  ym) 
10  (4.5  -  5.5  ym) 
12  (9.0  -  11.4  vim) 


90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  385 

Correlation  8  10  12 


8 

1.000 

10 

0.169 

1.000 

12 

0.188 

0.611  1.000 

Channels 

8 

10 

Mean 

2.8177E+02 

2.7758E+02 

Standard 

Deviation 

3.6689E+00 

6.3410E-01 

Total  Point 8 

153200. 

153200. 

35°  Depression 


Pixel  Subarea 

Divisions 

At: 

123 

523 

Line  Subarea 

Divisions 

At : 

1 

211 

Correlation 

8 

10 

12 

8 

1.000 

10 

0.206 

1.000 

12 

0.228 

0.640  1.000 

Channels 

8 

10 

Mean 

2.8505E+02 

2.7869E+02 

Standard  Deviation 

2.8419E+00 

5.3734E-01 

Total  Points 

83600. 

83600. 

12 

2.7868E+02 

9.3872E-01 

153200, 


12 

2.8003E+02 

8.3943F-01 

83000. 


3.5-116 


STATISTICS  OF  THE  CONFIERS  (SUNSET)  SCENE 


Number  of  Subregions: 
Line  Increment  Used: 
Pixel  Increment  Used: 
Correlation  Channels: 


1 

1 

1 

10  (4.5  -  5.5  pm) 
12  (9.0  -  11.4  pm) 


90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  385 


Correlation  10  12 

10  1.000 

12  0.768  1.000 


Channels 

Mean 

Standard  Deviation 
Total  Points 


10 

2. 7540E+02 
1.6557E-01 
154000. 


12 

2. 7544E-+02 
2 . 6030E-01 
154000. 


35_°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  211 

Correlation  10  12 

10  1.000 

12  0.793  1.000 


Channels 

Mean 

Standard  Deviation 
Total  Points 


10 

2. 7543E+02 
1. 3133E-01 
84400. 


12 

2. 7537E+02 
2.2989E-01 
84400. 


3.5-117 


STATISTICS  OF  THE  CONIFERS  (MIDNIGHT)  SCENE 


Number  of  Subregions 
Line  Increment  Used: 
Pixel  Increment  Used 
Correlation  Channels 


1 

1 

1 

10  (4.5  -  5.5  pin) 
12  (9.0  -  11.4  pm) 


90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  385 


Correlation  10  12 

10  1.000 

12  0.837  1.000 


Channels 

Mean 

Standard  Deviation 
Total  Points 


10 

2.7498E+02 
1. 3947E-01 
154000. 


12 

2.7476E+02 
2. 3721E-01 
154000. 


35°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  211 


Correlation 

10 

12 

10 

1.000 

12 

0.814 

1.000 

Channels 

10 

12 

Mean 

2.7500E+02 

2. 7472E+02 

Standard 

Deviation 

1.0951E-01 

1. 9783F-01 

Total  Points 

84400. 

84400. 

3.5-118 
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MICHIGAN  WINTER  SCENE  -  lONIFERS 


Ellipse  Statistics 


Spectral  Bands: 


3.5  -  3.9  pm 

4.5  -  5.5  pm 
9.0  -  11.4  pm 


3.5-119 


h 

i 
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CONIFERS  (Pre-Dawn) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


SQUARE  M£TF«S 


e.o 

TO 

10.0 

39 

10.0 

TO 

15,0 

95 

15.0 

Tu 

20.0 

21 

20.0 

TO 

25,0 

13 

25.0 

TO 

30.0 

5 

30.0 

TO 

35.0 

2 

35.0 

TO 

90.0 

9 

00. 0 

TO 

95. 0 

0 

05.0 

TO 

50.0 

4 

50.0 

TO 

75.0 

2 

75.0 

TO 

100,0 

1 

10  0.0 

TO 

150,0 

2 

150.0 

TO 

200.0 

0 

200.0 

TO 

250.0 

1 

250.0 

TO 

3no.O 

0 

300.0 

TO 

9  0  0.0 

0 

01)0.0 

TO 

500.0 

1 

UVER 

500.0 

1 

6v  aHe*  Threshold  -  Mean  +1.71  o 

frequency  Wavelength  =  4.5  -  5.5  pm 
Mean  =  274.86  Kelvin 

39 

o=0. 10  Kelvin 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  «  1  36 

2oa3  FUTURES  wTTH  AREAS  CESS  Than  « . 0 0  SO.  METERS  WERE  ALSO  RECOGNIZED 


BY  PERIMETER 


METERS 


FREQUENCY 


0 

TO 

7 

0 

TO 

?2 

7 

TO 

10 

2? 

TO 

32 

10 

Tn 

12 

3? 

TO 

39 

12 

TO 

19 

39 

TO 

95 

19 

TO 

16 

95 

TO 

52 

16 

TO 

17 

5? 

TO 

55 

17 

TO 

20 

53 

TO 

65 

20 

TO 

24 

65 

TO 

72 

22 

TO 

?9  . 

72 

TO 

78 

29 

TO 

26 

76 

TO 

65 

2b 

TO 

28 

65 

TO 

91 

28 

.0 

30 

91 

TO 

96 

30 

TO 

32 

96 

TO 

109 

32 

TO 

39 

109 

TO 

1?7 

39 

TO 

95 

127 

TO 

197 

95 

TO 

55 

197 

TO 

180 

SS 

TO 

71 

180 

TO 

232 

71 

TO 

too 

23? 

TO 

328 

OVER 

tog 

OVER 

328 

BY  SHAPE 

shape  Factor  frequency 

0.0  TO  1.0  0 

1,0  TO  1.1  0 

1.1  TO  1.2  J 

1.2  TO  1,3  9 

1 .3  TO  1  ,11  5 

l.«  TO  1,5  5 

1.5  TO  1,6  1« 

1.6  TO  1,7  11 

1.7  TO  l.S  11 

1.6  TO  1,9  9 

1 .9  TO  2.0  10 

2.0  TO  2.0  35 

2.0  TO  2.6  11 

2.6  TO  2.6  O 

2.6  TO  3,0  2 

3.0  Til  3.6  2 

3,5  TO  0.0  2 

0.0  TO  0.5  2 

OVFR  0.5  1 


3.5-12J- 


. . . . . .  . . tills,,;; . . . i. . .  „ : 


1750  ft 


ea:  Conifers  (Wavelength  =  4.5  -  5.5  jiraj 
Temperature  Threshold  =  Mean  +  3.25  a 
Mean  =  274.86  Kelvin 
Std.  Dev.  =  0  =  0.10  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  PRE-DAWN 

3.5-122 


CONIFERS  (Pre-Dawn) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


8Y  are*  Threshold  =  Mean  +  3.25  o 


SQUARE  HfTfRS 


fi.o  TU 
10.0  TO 
15.0  TO 
20.0  TO 
26.0  TO 
30.0  TO 
35.0  TO 
*10.0  T() 
95.0  TU 
50.0  TO 
75. n  Tfl 
100.0  TU 
150.0  TO 
200.0  TO 
250.0  TO 
300,0  to 
000.0  TO 
OVER 


10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
**0.0 
*<5.0 
50.0 
75.0 
100.0 
150.0 
200.0 
250.0 
300,0 
**on  ,o 
500.0 
500. 0 


frfoufncy  Wavelength  =  4.5  -  5.5  ym 
Mean  =  274.86  Kelvin 
?  o  =  0.10  Kelvin 

3 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

*> 

0 

0 

0 

0 


TOTAL  NUMBER  OE  ELLIPTICAL  AREAS  -  15 


SI  FEATURES 

HlTH 

ARFAS 

less 

THAN  8.00  SO. 

HETERS  HERE 

ALSO  RECOGNIZED 

BY  PERIMETER 

BY  SHAPE 

METERS 

FEET 

FREQUENCY 

SHAPE 

FACTOR 

FKEUUENCY 

5 

0  TO 

7 

0 

TO 

22 

0 

0.0 

TU  1 .0 

0 

• 

7  TO 

10 

22 

TO 

32 

0 

1.0 

TO  1  .  1 

0 

* 

10  TO 

12 

32 

TQ 

39 

0 

1.1 

TO  1.2 

O 

12  TO 

19 

J9 

TO 

95 

2 

1.2 

TU  1.3 

2 

i 

1  0  TO 

16 

95 

TO 

52 

0 

1.3 

TO  1.9 

0 

16  TQ 

17 

5? 

TO 

55 

0 

1.9 

TU  1.5 

2 

17  TO 

20 

55 

TO 

65 

i 

1  .5 

TO  1,6 

2 

--L 

20  TO 

22 

65 

TO 

72 

3 

1.6 

TO  1  .7 

O 

22  TO 

29 

72 

T(.l 

78 

0 

1.7 

TU  1.6 

2 

20  TO 

26 

7  A 

TO 

,85 

2 

1,8 

TO  1.9 

1 

26  TO 

2tt 

6  5 

TO 

91 

0 

1.9 

TO  2,0 

1 

2b  TO 

30 

9) 

Til 

9  8 

2 

2.0 

TO  2,9 

2 

d 

30  TO 

32 

9  ft 

TO 

10  1 

0 

2.9 

TU  2.6 

1 

32  TO 

39 

109 

TO 

127 

1 

2.6 

TO  2.6 

2 

i 

39  n 

95 

127 

TO 

197 

0 

2.8 

TO  3.0 

0 

95  Tu 

55 

1«7 

TO 

180 

0 

3.0 

TO  3.5 

0 

55  TO 

71 

180 

TO 

232 

1 

3.5 

TO  9.0 

0 

71  TO 

100 

232 

TO 

328 

1 

9.0 

TO  9.5 

0 

OVER 

100 

OVER 

3?8 

0 

OVER  9,5 

0 

3.5-123 


1/50  ft 


'a:  Conifers  (Wavelength  =  9.0  -  11.4  (im 
mperature  Threshold  =  Mean  +  1.56  a 
Mean  =  274.66  Kelvin 
Std.  Dev.  =o-0.18  Kelvin 
.QU I  VALENT  ELLIPTICAL  AREAS  -  PRE-DAWN 


3.5-124 


dlifiUM1  VC, I -I . . .  .jiiii.li  MMmiAiAAfl—— 1M m,  n.i  M—1  ii»iiwii  . *p,  i  »•** 


2p 


In 


CONIFERS 

DISTRIBUTION  OF  ELLIPTICAL 


(P re -Dawn) 

AREAS  GREATER  THAN  THRESHOLD 


BY  ARE* 


square 

METE R9 

FREQUENCY 

8.0 

TO 

10.0 

11 

10.0 

TO 

15.0 

UR 

15.0 

TO 

20.0 

29 

20. n 

TO 

25.0 

12 

25,0 

TO 

10. 0 

9 

10.0 

TU 

15.0 

6 

55.0 

TO 

'■0.0 

9 

9  0.0 

TO 

95.0 

9 

95,0 

TO 

50.0 

0 

SO.  o 

TO 

75.0 

5 

75.0 

TO 

100. 0 

1 

100.0 

TO 

1  5  n  .  0 

u 

150.0 

TO 

200.0 

2 

200.0 

TO 

250.0 

1 

250.0 

TO 

5*0,0 

0 

100 .0 

TO 

900.0 

1 

900. 0 

TO 

50  0..C, 

0 

OVER 

500.0 

0 

TOT/U.  NUMBER  OF  ELLIPTICAL  AREAS  "  199 


Threshold  =  Mean  +  1.56  o 
Wavelength  =  9.0  -  11.4  \.\m 
Mean  =  274.66  Kelvin 
o  =  0.18  Kelvin 


90?  FEATURES  N'lTH  AREAS  UsS  THAN  S.00  $0,  METERS  HERE  ALSO  RECOGNIZED 


BY  PERIMETER  BY  SHAPE 


METERS 

F 

EET 

FREQUENCY 

SHAPE 

FACTOR 

FREQUENCY 

0  TO 

7 

0 

TO 

22 

0 

0.9 

TO 

1.0 

0 

j 

7  TO 

10 

2? 

TO 

12 

0 

1  .0 

TO 

1.1 

0 

4 

10  TO 

12 

1? 

TO 

19 

0 

1.1 

TO 

t  .2 

1 

A 

12  TO 

19 

19 

TO 

95 

11 

1.2 

TO 

1.1 

17 

19  TO 

16 

95 

TO 

S2 

0 

1  .3 

TO 

1.9 

12 

16  TO 

17 

52 

TCI 

55 

25 

1." 

CO 

1.5 

6 

17  TO 

20 

55 

TO 

65 

26 

1  .5 

TO 

1.6 

17 

i 

20  TO 

22 

65 

TO 

7? 

1  6 

1.6 

TO 

1,7 

18 

?2  TO 

29 

72 

TO 

76 

0 

1.7 

TO 

1  .6 

19 

j 

?9  i  n 

26 

7  A 

TO 

65 

11 

1.6 

TO 

1  .9 

9 

■  -j 

26  TO 

26 

65 

TO 

9  1 

6 

1  .9 

TO 

2.0 

5 

26  TO 

10 

91 

TO 

96 

2 

2.0 

TO 

2.9 

22 

—i 

10  TCI 

12 

96 

TO 

109 

0 

2.9 

TO 

2.6 

/ 

32  TO 

19 

109 

TO 

127 

16 

2.6 

TO 

2.6 

2 

39  TO 

95 

127 

TO 

197 

7 

?.fl 

Til 

1.0 

2 

i 

05  TO 

55 

197 

TO 

1  60 

7 

!.<• 

TO 

1.5 

5 

55  TO 

71 

160 

TO 

252 

9 

1.5 

TO 

9.0 

1 

j 

7  1  TO 

100 

21? 

TO 

32» 

1 

9.0 

TO 

9.5 

? 

1 

UVtR 

100 

OVER 

32« 

9 

OVER 

9.5 

0 

3.5-125 


1750  ft 


ea:  Conifers  (Wavelength  =  9.0  -11.4  pm) 
Temperature  Threshold  =  Mean  +  3.12  o 
Mean  =  274.66  Kelvin 
Std.  Dev.  =o=  0.18  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  PRE-DAWN 


3.5-126 


3 


I 


r 


I. 


■  *■  * 


K 

i 
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jm 


CONIFERS  (Pre-Dawn) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


8Y  ARC A 


Threshold  =  Mean  +  3.12  a 


TOTAJ,  NUMBER  OF  ELLIPTICAL  ARFAS  -  4 

25  FEATURES  WtTH  AREAS  LESS  THAN  8,00  SO,  METERS  WERE  ALSO  RfCOr.NUFD 


8Y  PERIMETER 


BY  SHARE 


* 

MEYERS 

f 

Ft  T 

FREQUENCY 

shape 

Ft 

CTOR 

ERE9UE6 

1 

0 

TO 

7 

0 

TO 

22 

0 

0.0 

TO 

1,0 

0 

7 

Ttl 

10 

2? 

TO 

32 

0 

1.0 

TO 

1.1 

0 

S 

10 

Tfl 

12 

32 

TO 

34 

0 

1.1 

TO 

1.2 

O 

1 

12 

TO 

14 

39 

TO 

45 

2 

T.2 

TO 

1.3 

2 

14 

TO 

16 

45 

TO 

52 

0 

1  .3 

TO 

1.4 

0 

Bf 

16 

TO 

17 

S? 

TO 

55 

1 

1.4 

TO 

1  .5 

0 

; 

17 

TO 

20 

55 

TO 

65 

0 

1.5 

TO 

1  .6 

1 

i 

20 

TO 

22 

65 

TO 

7? 

1 

1  .6 

TO 

1.7 

0 

22 

TO 

24 

•  7? 

TO 

78 

0 

1  .7 

TO 

1  -« 

1 

1 3 

24 

TO 

26 

78 

TO 

85 

0 

1  .8 

TO 

1  .4 

0 

M 

26 

TO 

28 

85 

TO 

91 

0 

1  .9 

TO 

2.0 

0 

nr 

28 

TO 

SO 

41 

TO 

98 

0 

2.0 

TO 

2.4 

0 

Mi 

SO 

TO 

52 

48 

TO 

104 

0 

2.4 

TO 

2.6 

0 

t1* 

32 

TO 

35 

104 

TO 

1  ?7 

0 

2.6 

TO 

2.8 

0 

TO 

TO 

4  5 

127 

TO 

147 

0 

2.8 

TO 

3.0 

0 

45 

TO 

55 

147 

TO 

180 

0 

3.0 

TO 

3.5 

0 

is 

55 

TO 

71 

180 

T(l 

232 

0 

3.5 

TO 

4.0 

0 

71 

TO 

100 

232 

TO 

328 

0 

*..o 

TO 

4.5 

0 

OVER 

100 

dvfh 

32« 

0 

OVFR 

4.5 

0 

3.5-127 


SQUARE 

METEPS 

FREQUENCY 

Wavelength  =  9.0  -  11.4  um 

. 

Mean  =  274.66  Kelvin 

| 

8.0 

TO 

10.0 

3 

10.0 

Tl) 

15.0 

1 

o  =  0.18  Ke 1 v i n 

"N 

15.0 

TO 

20,0 

0 

j| 

20.0 

TO 

25 ,0 

0 

1 

25.0 

TO 

30.0 

0 

1 

30.0 

TO 

35.0 

0 

i 

35.0 

TO 

4  0. 0 

0 

3 

40,0 

TO 

45.0 

0 

73 

45.0 

TO 

50.0 

0 

50 .0 

Til 

75.0 

0 

75.0 

TO 

100,0 

0 

•  4 

100 .0 

TO 

150.0 

0 

-j 

150.0 

TO 

2  0  0.0 

0 

200. 0 

TO 

250.0 

0 

250.0 

TlJ 

300.0 

0 

300.0 

TO 

400.0 

0 

g 

400,0 

TO 

500.0. 

0 

7 

OVER 

500,0 

0 

4 

1 7 bO  ft 


a:  Conifers  (Wavelength  =  3.5  -  3.9 
Temperature  Threshold  =  Mean  +  1.65  o 
Mean  =  281.77  Kelvin 
Std.  Dev.  =  o  =  3.67  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  NOON 


3.5-128 


Jm 


CONIFERS  (Noon) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 


a 

V 


SQUARE  METERS 


FREQUENCY 


Threshold  =  Mean  +  1.65  a 
Wavelength  =  3.5  -  3.9  urn 
Mean  =  281  77  Kelvin 


8.0 

TO 

10.0 

42 

10.0 

TO 

15.0 

51 

O 

=  3.67  Kelvin 

15.0 

TO 

20.0 

10 

20.0 

TO 

25.0 

4 

25.0 

TO 

30.0 

0 

3  0.0 

TO 

35.0 

1 

35.0 

TO 

40.0 

0 

40.0 

TO 

45.0 

0 

4*:  .0 

TO 

50.0 

0 

50.0 

Til 

75.0 

0 

75.0 

TO 

100.0 

0 

100.0 

TO 

150,0 

0 

150.0 

TO 

200.0 

0 

2oo.o 

TO 

250,0 

0 

250.0 

TO 

300.0 

0 

Jon.o 

TO 

400.0 

0 

400.0 

TO 

500.0 

0 

OYER 

500.0 

0 

TOTAL  HUMBER  OF  ELLIPTICAL  AREAS  - 

108 

3898  FEATURES 

WITH  AREAS 

teas 

THAN 

6.00  SO. 

meters  were 

ALSO  RECOGNIZED 

BY  PERIMETER 

BY  0 

MAPE 

METERS 

FEET 

FREQUENCY 

SHAPE 

factor 

frequency 

0 

T(1 

7 

0  T(l 

22 

0 

0.0 

TO 

1.0 

0 

7 

TfJ 

10 

22  TO 

32 

0 

1.0 

TO 

1,1 

0 

10 

TO 

12 

32  TO 

39 

0 

i.i 

TO 

1.2 

0 

12 

TO 

14 

39  TO 

45 

4 

1.2 

TO 

1.3 

4 

14 

TO 

16 

45  TO 

52 

0 

1.3 

TO 

1.4 

2 

lb 

TO 

1  7 

52  TO 

55 

14 

1.4 

TO 

1.5 

0 

17 

TO 

20 

55  T(J 

65 

15 

1.5 

TO 

1.6 

13 

20 

TO 

22 

65  TO 

72 

20 

1  .6 

TO 

1.7 

4 

22 

TO 

24. 

72  TO 

78 

0 

1  .7 

Tfl 

1.8 

1  4 

24 

TO 

2b 

78  TO 

85 

18 

1.6 

TO 

1  .9 

10 

2b 

TO 

28 

85  TO 

91 

13 

1  .9 

TO 

2.0 

9 

28 

TO 

30 

91  TO 

98 

8 

2.0 

TO 

2.4 

40 

JO 

TO 

32 

98  TO 

104 

0 

2.4 

TO 

2.6 

3 

32 

TO 

39 

10  4  TO 

127 

6 

2.6 

TO 

2.8 

3 

39 

TO 

45 

.  127  TO 

147 

? 

2.8 

TO 

3.0 

2 

45 

TO 

55 

147  TO 

180 

4 

3.0 

TO 

3.5 

4 

55 

TO 

71 

160  TO 

232 

1 

3,5 

TO 

4.0 

0 

71 

TO 

100 

232  Tri 

328 

1 

4,0 

TO 

4.5 

0 

DVEH 

100 

OVER 

328 

0 

OVER 

4.5 

0 

3.5-129 
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Jm 


CONIFERS  (Noon) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


ev  arfa  Threshold  =  Mean  +  2.00  o 


SQUARE 

METERS 

FREQUENCY 

Wavelength  =  3.5  -  3.9  ym 

Mean  =  281 .77  Kelvin 

•=3 

fl.O 

TO 

10.0 

7 

10. 0 

TO 

15.0 

a 

a  =  3.67  Kelvin 

15.0 

TO 

20.0 

0 

20.0 

TO 

25.0 

0 

25.0 

TO 

30.0 

« 

.  • 

30.0 

TO 

35.0 

0 

15.0 

TO 

40,0 

0 

g 

4ft„0 

TO 

45.0 

0 

45,0 

TO 

50.0 

0 

_ij 

50.0 

TO 

75.0 

0 

75. n 

TU 

mo.o 

0 

| 

10O.0 

TO 

150.0 

0 

-~4 

150.0 

TO 

200,0 

0 

| 

200  s  0 

TO 

250.0 

ft 

250  .  n 

TO 

loo.o 

0 

2 

300.0 

TO 

ono.o 

0 

000. 0 

TO 

500.0 

0 

| 

MVF  K 

Soo.o 

0 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  1  I 

1670  Ft  ATlJRES  WITH  AREAS  US3  THAN  8.00  SO,  METERS  WERE  ALSO  RECOGNIZED 


HV  PERIMETER  BY  SHAPE 


METERS 

FEET 

FREQUENCY 

SHA"E 

;  factor 

FREQUENCY 

0  TO 

7 

0 

TO 

22 

0 

0,0 

to 

1  .0 

0 

7  TO 

10 

22 

TO 

12 

0 

l.o 

TO 

1.1 

0 

10  TO 

12 

3? 

TO 

19 

0 

1.1 

TO 

1.2 

0 

12  TO 

14 

3« 

TO 

45 

0 

1.2 

TO 

1.3 

0 

. 

14  TO 

16 

45 

T(1 

52 

0 

1.3 

TO 

1.6 

0 

“3 

16  TO 

17 

5? 

TO 

55 

1 

1.« 

TO 

1.5 

0 

i 

17  TO 

20 

55 

TO 

65 

4 

1  .5 

TO 

1.6 

t 

20  TM 

22 

65 

TO 

72 

1 

1.6 

TU 

1.7 

1 

22  TO 

24 

72 

TO 

78 

0 

1  .7 

TO 

1  .8 

3 

20  TO 

26 

78 

T(1 

85 

2 

1  .8 

TO 

1  .9 

0 

26  TO 

28 

85 

TO 

91 

1 

1  .9 

TU 

2.0 

1 

28  TO 

30 

R  1 

TU 

98 

0 

2.0 

Tl) 

2.4 

5 

71 

30  rn 

32 

98 

TO 

104 

0 

2.« 

TO 

2.6 

0 

j 

32  TO 

19 

1  04 

TO 

127 

0 

2.6 

Tl) 

2.8 

0 

1 

39  TO 

45 

127 

TO 

147 

0 

2.8 

TO 

3.0 

0 

4 

05  TO 

S5 

147 

TO 

180 

0 

1.0 

Til 

3.5 

0 

a 

55  TO 

71 

18ft 

T 11 

212 

0 

1.5 

Tl) 

4.0 

0 

5 

71  TO 

100 

23? 

Til 

328 

0 

4.0 

TM 

4.3 

0 

OVER 

100 

OVER 

328 

0 

OVER 

4,5 

0 

■ 

■i 


3.5-131 


CONIFERS  (Noon) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 


Threshold  =  Mean  +  2.17  o 


SQUARE  METERS  FREQUENCY 


8.0 

TO 

10.0 

2? 

10.0 

TU 

15.0 

30 

16.0 

TO 

20.0 

16 

20.0 

TO 

25.0 

<1 

25.0 

TO 

30.0 

5 

JO.O 

TO 

35.0 

a 

36.0 

TO 

60.0 

1 

on.  o 

TO 

05.0 

l 

06.0 

TO 

50. 0 

1 

50.0 

TO 

75.0 

2 

75.0 

TO 

100.0 

0 

100.0 

TO 

150.0 

t 

160.0 

TO 

200.0 

0 

200. 0 

TO 

250.0 

0 

250.0 

TO 

Ino.o 

0 

300 .0 

TO 

5  0  0,0 

0 

oon.o 

TO 

600,0 

0 

OYER 

500.0 

0 

Wavelength  =  4.5  -  5.5  urn 
Mean  =  277.58  Kelvin 
a  =  0.63  Kelvin 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  93 

006  FEATURES  with  areas  LESS  THAN  8.00  SO.  k-ETEPS  WERE  also  RECOGNIZED 


by  PERIMETER 


BY  SHAPF 


METERS  FEET  FREQUENCY  shape  rACTOR  FREQUENCY 


0 

TO 

7 

n 

to 

22 

.  0 

7 

TO 

10 

22 

TO 

32 

0 

10 

TO 

12 

3? 

TO 

3R 

0 

12 

TO 

1« 

SR 

TO 

05 

6 

lu 

TO 

lb 

05 

TO 

52 

0 

16 

TO 

17 

52 

TO 

65 

25 

17 

TO 

20 

55 

TO 

65 

1  b 

20 

TO 

22 

65 

'll) 

7? 

R 

22 

TO 

2«  ' 

7? 

TO 

78 

0 

20 

TO 

26 

78 

10 

65 

6 

26 

TO 

28 

MS 

TO 

R1 

3 

26 

TO 

30 

R 1 

TO 

68 

7 

30 

TO 

32 

R6 

TO 

100 

0 

32 

TO 

35 

106 

TO 

127 

6 

59 

TO 

05 

127 

TO 

1U7 

3 

05 

TO 

55 

1  «7 

TO 

160 

2 

55 

TO 

71 

160 

TO 

232 

2 

71 

TO 

100 

232 

TO 

328 

0 

OVER 

100 

over 

3?» 

1 

0.0  TO  1.0  0 

1 .0  TO  1 .1  0 

1.1  TO  1.2  1 

1 .2  TO  1 ,3  11 

1.3  TO  1,«  IS 

1.0  TO  1.5  7 

1.5  TO  1.6  IS 

1.6  TO  1.7  10 

1.7  Td  |,B  11 


1.8  TO  1 , 9 
l.R  TO  2  0 
p.o  in  2,o 
2.0  TU  2.6 
2.6  TO  2.6 


2.6  TO  3.0  0 

3.0  TO  3.5  1 

3,5  TO  u.O  0 

0,0  TO  if. 5  0 

OVER  0.5  0 


3.5-133 


o  ru  s  cT  w 


1750  ft 


a:  Conifers  {Wavelength  =  4.5  -  5.5 
Temperature  Threshold  =  Mean  +  2.79  a 
Mean  =  277.58  Kelvin 
Std.  Dev.  =  o  =  0.63  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  NOON 


3.5-134 


Jim 


CONIFERS  (Noon) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


SQUARE  METERS 


a.o  to 

10.0  TO 
lS.O  TO 
20.0  TO 
25.0  TO 
30.0  TO 
35.0  TO 
oO.O  TU 
o5.0  TO 
50.0  TO 
75.0  TO 
100.0  T(1 
150.0  TO 
200. 0  TU 
250.0  TU 
30  0.0  T() 
000.0  TO 
OVER 


10.0 
15.0 
20.0 
25.0 
30.0 
35,0 
oo.o 
05,0 
50.0 
75.0 
100.0 
150. 0 
200,0 
250.0 
300.0 
000.0 
500.0 
500.0 


by  area  Threshold  =  Mean  +  2.79  a 

frequency  Wavelength  =  4.5  -  5.5  pm 

Mean  =  ?77.58  Kelvin 

3 

3  o  =  G. 63  Kelvin 


TOTAL  NUMBER  Ot  ELLIPTICAL  AREAS  »  8 

67  FtATUREO  WITH  AREAS  LESS  THAN  8,00  SQ.  METERS  WERE  ALSO  RECOGNIZED 


BY  PERIMETER 


BY  SHAPE 


METERS 

FEET 

FREQUENCY 

SHAPE 

factor 

FREQUENCY 

=“ 

0  TO 

7 

0  TO 

22 

0 

6.0 

TO 

1.0 

0 

'i 

7  TO 

10 

22  TO 

32 

0 

1  .0 

TO 

1 .1 

0 

10  TO 

12 

32  TO 

39 

0 

1.1 

TU 

1.2 

0 

12  TO 

10 

39  TO 

05 

1 

1  .2 

TO 

1.3 

2 

1 

10  TU 

16 

05  TO 

52 

0 

1.3 

TO 

l.o 

1 

16  TO 

17 

52  TO 

55 

0 

I  .« 

TU 

1.5 

0 

■- 

17  TO 

20 

5S  TO 

65 

0 

1  .5 

TO 

1  .6 

3 

20  in 

22 

65  TO 

7  2 

1 

1.6 

TO 

1.7 

0 

22  TO 

2o 

7?  TO 

78 

0 

1.7 

TO 

1.8 

1 

20  TO 

25 

7  8  TO 

85 

0 

1  .« 

TO 

1  .9 

0 

26  TO 

28 

85  TO 

91 

1 

1  .9 

TO 

2.0 

0 

2d  TO 

30 

0  1  TO 

98 

1 

2.0 

TU 

2.0 

1 

30  TO 

32 

9  8  in 

100 

0 

TO 

2.6 

0 

32  TO 

39 

mo  to 

127 

0 

2.6 

TO 

2.8 

0 

39  TO 

05 

127  TO 

107 

0 

2.8 

TO 

3.0 

0 

05  TO 

55 

107  TO 

180 

0 

3.6 

TO 

3.  -> 

0 

55  TO 

7  1 

180  TO 

232 

0 

3.5 

T  0 

0 . 0 

0 

71  TO 

100 

232  TO 

328 

0  . 

0.0 

TO 

0.5 

0 

OVER 

100 

nvFR 

320 

0 

OVER 

0.5 

c 

1 

3.5-135 


3 . 5-136 
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A 


IT 

•i 

I 
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i  > 


/ 


>ERJ_ 


CON  it- ERG  (Noon) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


Threshold  =  Mean  +  2.07  a 
Wavelength  =  9.0  -  11.4  ym 
Mean  =  278.68  Kelvin 
a  =  0.94  Kelvin 


H 

BV 

AREA 

SQUARE 

METERS 

FFfQUEN 

6.0 

TO 

10.0 

30 

. 

1 0.0 

TO 

15.0 

2  5 

£T 

lS.O 

TO 

?0, 0 

13 

2 

20.0 

TU 

25.0 

6 

~z 

25.0 

TO 

30.0 

6 

i 

.30.0 

TO 

35,0 

1 

1  .. 

--4 

35.  o 

TO 

00,0 

1 

[: 

oo.o 

TO 

95.0 

U 

= 

95,0 

TO 

50.0 

0 

50. 0 

TO 

75.0 

0 

75.0 

TO 

i  n  (i .  o 

0 

100.0 

TO 

150.0 

0 

, 

150,0 

TO 

200.0 

0 

1 

200.0 

TO 

250.0 

0 

y, 

T: 

■  t 

250.0 

TO 

300.0 

0 

- 

300, 0 

TU 

900,0 

0 

/ 

i- 

%  ^ 

ooo.o 

TO 

5oo. 0 

0 

3  S  - 

OVER 

500.0 

0 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  ■*  89 

500  FEATURES  WITH  AREAS  LESS  THAN  8,00  SO,  METERS  WERE  ALSO  RECOGNIZED 


HV  PERIMETER 


BY  SHAPE 


V 

METERS 

P  1 1  7 

FREQUENCY 

SHAPE 

Factor 

At 

o  t  n 

7 

0  TO 

22 

0 

0.0 

TO 

1.0 

m 

7  Tn 

10 

2?  TO 

7  2 

0 

1.0 

TO 

1  .  1 

10  TU 

12 

32  TO 

39 

0 

1.1 

TO 

1.2 

5T-4 

12  TO 

19 

39  T(1 

95 

to 

1.2 

TO 

1.3 

fi-i 

19  TO 

16 

95  TO 

52 

0 

1.3 

TO 

l.« 

isi 

16  T(1 

17 

52  TO 

55 

20 

1.9 

TO 

1.5 

ft" 

17  TO 

20 

55  Tn 

65 

1b 

1  .s 

T(1 

1  .b 

SI 

20  Tn 

22 

h 5  TU 

72 

*0 

1.6 

TO 

1  .7 

- 

22  TO 

29  - 

7  2  TO 

78 

0 

1,7 

TO 

1.8 

29  TO 

2b 

78  TO 

85 

7 

1.8 

TU 

1  .9 

26  TO 

28 

85  TO 

91 

3 

1  .9 

TO 

2.0 

ft)  • 

28  TO 

30 

9  1  TU 

98 

9 

2.0 

TO 

2.9 

ftr. 

30  TO 

32 

98  Til 

1  09 

0 

2.9 

TO 

2.6 

ft 

32  TO 

39 

109  TO 

127 

15 

2.6 

TU 

2.8 

7- 

39  TO 

95 

127  TO 

197 

2 

2.8 

TU 

3.0 

J' 

95  in 

55 

197  TO 

180 

9 

3.0 

TO 

3.5 

f 

55  TO 

71 

180  TO 

232 

0 

3.5 

TO 

9.0 

71  TO 

too 

232  TO 

328 

0 

9.0 

TO 

9.5 

im  r 

100 

over 

328 

0 

nvpR 

9.5 

FREQUENCY 

0 

0 

1 

12 

9 


IB 

7 

o 

13 

o 

0 

0 

0 

0 

0 

0 


3  5-137 


00  «\J 


yp 


CONIFERS  (Noon) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


hy  arfa 

SQUARE  METERS  FREQUENCY 


6.0 

TO 

10.0 

?. 

10.0 

TO 

15,0 

1 

1S.0 

TO 

?0,0 

0 

£0.0 

TO 

25.0 

0 

25.0 

TO 

30.0 

0 

30.0 

TO 

35.0 

0 

J5.0 

TO 

ro. o 

0 

UO  .  0 

TO 

05 . 0 

0 

85,0 

TU 

5  0 . 0 

0 

SO  .  0 

TO 

75.0 

0 

75.0 

TO 

ICO.  0 

0 

100.0 

TO 

1 5  (,  .  0 

0 

150.0 

TU 

2nn .  o 

0 

£00.0 

TO 

250,0 

0 

250.0 

TO 

1T>0. 0 

0 

Joo.o 

TO 

o  r.  o .  o 

0 

000. 0 

TO 

500,0 

0 

OVER 

500.0 

0 

Threshold  =  Mean  +  2.71  o 
Wavelength  =  9.0  -  11.4  rnn 
Mean  =  278.68  Kelvin 
o  =  0.94  Kelvin 


TOTAL  NUMBER  OF  EU.1FTICAL  AP.EAS  ”  3 

5R  features  with  area9  less  than  b.oo  so.  meters  were  also  recognized 


HY  PERIMETER  nY  ShAPF 

meters  feet  frequency  shape  factor  frequency 


0 

TCI 

7 

0 

TO 

22 

0 

0.0 

TO 

1.0 

0 

7 

TO 

10 

?? 

TO 

32 

0 

1.0 

TO 

1.1 

0 

10 

TO 

12 

32 

TU 

39 

0 

1.1 

TO 

1.2 

0 

12 

TO 

10 

JR 

TO 

o5 

1 

1.? 

TO 

1.3 

1 

10 

TO 

1  6 

05 

TO 

52 

0 

l.J 

TO 

1,« 

1 

16 

TO 

1  7 

5? 

TO 

55 

2 

1  .8 

TO 

1.5 

0 

1  7 

TO 

20 

55 

TO 

65 

0 

1  .5 

TO 

1  .6 

1 

20 

TO 

22 

65 

TO 

72 

0 

1  .6 

TO 

1.7 

0 

22 

TO 

?.a  . 

7? 

TO 

78 

0 

1 ,7 

TO 

1 .« 

0 

20 

*o 

26 

76 

"fi 

85 

0 

1." 

TU 

1  .0 

c 

26 

TO 

26 

85 

TO 

R  1 

n 

1 .0 

TO 

2.0 

0 

28 

TO 

30 

R 1 

TO 

98 

0 

2.0 

TO 

2.8 

0 

JO 

TO 

32 

68 

TO 

1  0  8 

0 

2.8 

TO 

2.6 

0 

32 

TO 

30 

1  ou 

TO 

127 

0 

2.6 

TO 

2.« 

0 

30 

TO 

05 

127 

TU 

107 

0 

2,8 

TO 

3.0 

0 

05 

TO 

55 

107 

TU 

1  80 

0 

3,0 

TO 

3.5 

0 

55 

TO 

71 

180 

TO 

232 

0 

3.5 

TO 

8.0 

0 

71 

TO 

100 

23? 

TO 

3  ?  6 

0 

6.0 

TO 

8.5 

0 

OVER 

100 

nvr  R 

3?e 

0 

OVT  R 

8.5 

0 
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a:  Conifers  (Wavelength  =  4.5  -  5.5 
Temperature  Threshold  =  Mean  +  2.00  a 
Mean  =  275.40  Kelvin 
Std.  Dev.  =  o  =  0.17  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  *  SUNSET 


/! 


i. 


i  *  - . 


2pl 


CONIFERS  (Sunset) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 


SQUARE  MttFRS 

f REQUf 

8.0  T(J 

10.0 

1  4 

J  0 . 0  Ttl 

15.0 

11 

is.n  to 

?o,o 

10 

£0.0  TO 

25,0 

1 1 

25,0  TO 

10.0 

2 

10,(1  TO 

is.  n 

s 

35. o  TO 

«<l.fl 

1 

40.0  TO 

45.0 

2 

45.0  TO 

so.o 

2 

50.0  TO 

7S,  0 

4 

7  5,0  TO 

1  on,0 

2 

100.0  TO 

iso.o 

1 

ISO.n  To 

200.0 

0 

2  o  0  n  TO 

aso.o 

1 

250.0  TO 

100. 0 

1 

loo.o  TO 

4  0  0.0 

0 

4  0  0.0  TO 

'.>00,0 

1 

oven 

500.0 

0 

Threshold  -  Mean  +  ?.0D  o 
Wavelength  =  4.5  -  5.5  jim 
Mean  =  275.40  Kelvin 
o  -  0.17  Kc 1 v i n 


TOTAI.  HUKBEK  OF  ELLIPTICAL  AttFAS 


» 05 


50  1 

FEATURFS 

WITH 

AREAS 

i  less 

THAW  8.00  30. 

MFTERS  WERE 

also  RF.cur.wT  zed 

, 

BY  HtWlMfTER 

BY  SHAPE 

i 

j 

ME  T  t  MS 

F 

FIT 

FREQUENCY 

SHAPE 

eac tor 

FREQUENCY 

■if 

0 

TO 

7 

0 

Tfl 

22 

0 

0.0 

TIJ  1,0 

1 

2 

7 

Tfl 

1  0 

2? 

TO 

32 

1 

1.0 

TO  1.1 

1 

J 

10 

TO 

12 

12 

T 1 ) 

14 

0 

1.1 

TO  1  .2 

3 

12 

TO 

1« 

34 

TO 

45 

b 

1  .2 

TO  1  ,  1 

5 

■ 

14 

TO 

1  6 

45 

TO 

52 

1 

1.1 

TO  1.4 

1  1 

16 

TO 

1  7 

52 

TO 

5  j 

19 

1.4 

TO  1.5 

1 

4 

17 

TO 

20 

55 

TO 

AS 

14 

1  .5 

TO  l.b 

15 

4 

20 

TO 

22 

AS 

TO 

72 

14 

1.0 

TO  1.7 

H 

i 

22 

TO 

24  ■ 

/ ? 

TO 

7ft 

0 

1.7 

TO  1  .0 

1 1 

g 

24 

TO 

26 

7R 

To 

A5 

b 

1  .« 

TO  1.4 

8 

26 

TO 

28 

PS 

TO 

41 

4 

1.4 

TO  2.0 

4 

2ft 

TO 

30 

«1 

TO 

46 

6 

2.0 

TO  2.4 

1  0 

:3I 

JC 

TO 

12 

9fi 

TO 

1  0  4 

0 

2." 

Til  c,b 

7 

12 

TO 

19 

104 

TO 

127 

7 

2.6 

TO  2.9 

3 

4 

14 

TO 

4  5 

.127 

TO 

14/ 

1 

2.8 

TO  1.0 

2 

3 

4  5 

TO 

55 

147 

Til 

1  AO 

7 

1.0 

TO  1.5 

1 

•  1 

55 

TO 

71 

100 

Tfl 

212 

4 

1.5 

TO  4.0 

2 

tf 

7  1 

TO 

100 

21? 

TO 

129 

5 

4.0 

TO  4,5 

0 

lj 

ov 

FH 

100 

OVER 

4 

OVFH  4.5 

b 
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1750  ft 


Area:  Conifers  (Wavelength  -  4.5  -  5.5  ] 
Temperature  Threshold  =  Mean  +  3.24  u 
Mean  =  275.40  Kelvin 
Std.  Dev.  =  o  =  017  Kelvin 
EQUIVAI  ENT  ELLIPTICAL  AREAS  -  SUNSET 
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CONIFERS  (Sunset) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY 

Aftf  A 

Threshold  =  Mean  +  3.24  o 

“ 

SQUARE 

HfTFRS 

frequency 

Wavelength  =  4.5  -  5.5  uni 

:  ~  • 

Mean  =  275.40  Kelvin 

- 

8.0 

TO 

10.0 

l 

o  =  0.17  Kel vin 

10. 0 

TO 

15.0 

2 

15.0 

TO 

20.0 

1 

20.0 

TO 

25.0 

0 

*: 

25.0 

TO 

10.0 

0 

. . 

r~.zr^ 

30.0 

TO 

35,0 

0 

i 

JS.O 

TO 

<10. 0 

0 

40 . 0 

TO 

45.0 

0 

45  .  0 

TO 

50.0 

0 

~ 

so.o 

TO 

75.0 

0 

75.0 

TO 

100,0 

1 

■j 

100.0 

TO 

150.0 

0 

150.0 

TO 

200.  o 

0 

200.0 

TO 

25  o .  0 

0 

250.0 

TO 

100. 0 

0 

loo .  0 

TO 

400.0 

1 

400.0 

TO 

500.0 

0 

over  soo.o  o 


TOTAL  NUNbSR  OF  ELLIPTICAL  ARFAS  -  6 

21  Ft  A I  ORES  WITH  AHfAS  LESS  THAN  6,00  SQ ,  METERS  WERE  ALSO  RECOGNIZED 


BY  PtHlHETER  PY  SHAPE 


METERS 

FEET 

FREQUENCY 

C3 

T 

► 

■c 

TP 

factor 

FREQUENCY 

0  TO 

7 

0 

TCI 

22 

0 

o.o 

TO  1.0 

0 

7  TO 

10 

22 

TO 

52 

0 

1.0 

TO  1,1 

0 

10  TO 

12 

12 

TIJ 

19 

0 

1.1 

TO  1.2 

0 

12  TO 

14 

19 

TO 

45 

0 

1  .2 

TO  1.3 

1 

14  TO 

16 

45 

TO 

52 

0 

1.1 

TO  1.4 

0 

10  TO 

17 

52 

Til 

55 

1 

1  .9 

TO  1.5 

0 

17  TO 

20 

55 

TU 

65, 

2 

1  .5 

TO  1.6 

1 

20  TO 

22 

65 

TO 

72 

0 

1  .6 

T  0  1.7 

2 

22  TO 

24 

72 

TO 

7ft 

0 

1.7 

TO  1,8 

0 

24  TO 

26 

7ft 

TO 

ft  5 

2 

1  .ft 

T'J  1.9 

0 

26  TO 

28 

85 

TO 

91 

0 

1  .9 

TO  2.0 

0 

2#  TO 

30 

91 

TO 

98 

0 

2.0 

TO  2.4 

2 

10  TO 

12 

9  ft 

TO 

1  0« 

0 

2.4 

TO  2.6 

1 

12  TO 

19 

1  04 

Tl 

12  7 

1 

2.6 

TO  2_ft 

0 

14  TO 

45 

127 

TO 

14? 

0 

2.8 

TO  3.0 

0 

45  TO 

55 

147 

TO 

lftO 

0 

3.0 

TO  3.5 

1 

55  TO 

71 

1  8  0 

TO 

232 

0 

3.5 

TO  4.0 

0 

71  TO 

100 

21? 

TO 

3?B 

0 

4,0 

TO  4.5 

0 

OVER 

100 

OVFH 

328 

2 

3.5-143 

OVER  4.5 
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1750  ft 


a:  Conifers  (Wavelength  =  9.0  -  11.4 
Temperature  Threshold  =  Mean  +  1.50  a 
Mean  =  275.44  Kelvin 
Std.  Oev.  =  a  =  0.26  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  SUNSET 
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CONIFERS  (Sunset) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AHp  A 

SQUARE  METERS  FREOUFNC 


8.0 

TO 

10.0 

3? 

10.0 

TO 

15,0 

56 

15,0 

TO 

20.0 

?R 

ao.o 

TO 

25.0 

20 

25.0 

TO 

30.0 

a 

30.0 

To 

35.0 

6 

3S,0 

TO 

0  0.0 

7 

0  0,0 

TO 

05.0 

a 

65.0 

TO 

So.o 

6 

50. O 

TO 

75.0 

12 

75.0 

TO 

100.0 

5 

1  00.0 

TO 

150.0 

6 

150,0 

TO 

200.0 

0 

?oo.n 

TO 

250.0 

1 

2So.o 

TO 

3  0o  .0 

0 

300.0 

1U 

ROo.O 

3 

"00. o 

TO 

500.0 

1 

over 

500. 0 

? 

TOTAL  NUMBER  OF 

ELLIPTICAL  AREAS  - 

202 

SR 2  FEAT 

URf  S 

WITH  AREAS  LESS 

THAN 

Threshold  =  Mean  +  1.50  a 
Wavelength  =  9.0  -  11.4  ym 
Mean  =  275.44  Kelvin 
o  =  0.26  Kelvin 


.oo  so.  meters  were  also  recognized 


HV  PERIMETER 


BY  SHAPE 


meters  feet  frequency  shape  factor  freuuency 


0  TO 

7 

0 

TU 

22 

0 

0.0 

TO 

1.0 

2 

7  TO 

10 

22 

TO 

32 

1 

1  .0 

TO 

1.1 

1 

10  TO 

12 

32 

TO 

39 

0 

1.1 

TO 

1.2 

1  1 

4 

12  TO 

10 

37 

TO 

65 

21 

1  .2 

TO 

1.3 

25 

: 

1  6  TO 

16 

65 

TO 

52 

0 

1.3 

TO 

1.6 

27 

16  TO 

17 

5? 

TO 

55 

36 

1  .« 

TO 

1.5 

9 

1 

1  7  TO 

20 

55 

TO 

65 

19 

t  .5 

TO 

1.6 

26 

20  TO 

22 

65 

TO 

72 

22 

1  .6 

U> 

1.7 

1  8 

22  TO 

20  ' 

72 

TO 

78 

0 

1.7 

TO 

1 .0 

21 

M 

■> 

20  TO 

26 

70 

Til 

as 

15 

l.« 

TU 

1.9 

16 

j 

?6  TO 

20 

85 

TO 

16 

1.9 

TO 

2.0 

6 

1 

28  TO 

30 

9  1 

TO 

00 

8 

2.0 

TO 

2.6 

20 

-M 

30  TO 

32 

Rft 

TO 

106 

0 

2.6 

T'J 

2.6 

f> 

% 

32  TO 

39 

1  OO 

TO 

127 

16 

2.6 

TO 

2.8 

5 

I 

SR  in 

05 

1  27 

TO 

167 

1  1 

2.8 

TO 

3.0 

1 

if 

«5  TO 

55 

167 

TO 

1  ao 

12 

3,0 

TO 

3.5 

3 

55  TO 

71 

180 

TO 

232 

a 

3.5 

TO 

6.0 

0 

1 

7  1  TO 

100 

232 

TO 

320 

a 

6.0 

TO 

6.5 

2 

| 

LIVtR 

100 

OVFH 

328 

0 

OVER 

6.5 

3 

1 
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1750  ft 


:a:  Conifers  (Wavelength  =  9.0  -  11.4  pm) 
Temperature  Threshold  =  Mean  +  3.00  o 
Mean  =  275.44  Kelvin 
Std.  Dev.  =  a  =  0.26  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  SUNSET 
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CONIFERS  (Sunset) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 

h*  arfa  Threshold  =  Mean  +  3.00  a 

square  meters  frequence  Wavelength  =  9.0  -  11.4  ym 

Mean  =  275.44  Kelvin 

8.0  TO  10.0  2 

io.o  to  is. o  2  a  ~  0.26  Kelvin 


8.0  TO 
10.0  TO 
15.0  TO 
20.0  TO 
25,0  TO 
30.0  TO 
35. 0  TO 
a o.o  to 

R5.0  TO 
SO.O  TO 
75.0  TO 
100.0  TO 
150.0  TO 
200.0  TO 
250.0  TO 
3y0 . o  TO 
900,0  TO 
OVER 


10.0 
15.0 
20,0 
25.0 
30.0 
35,0 
on.o 
R5.0 
Sn  .o 
75.0 
100.0 
15().0 
200.0 
250.0 
300. 0 
500.0 
500.0 
500.0 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  9 

23  FEATURES  WITH  AREAS  LESS  Than  S.OO  SQ,  mfTEKS  HERE  ALSO  RECUKN I 2FC 


BY  PERIHfTER 


METERS 


FREQUENCY 


0 

TO 

7 

0 

TO 

22 

0 

7 

TO 

10 

22 

Til 

12 

0 

10 

TO 

12 

3? 

T(1 

19 

0 

1  2 

TO 

19 

39 

TO 

uS 

0 

1  u 

TO 

16 

95 

TO 

52 

0 

1  6 

10 

17 

5? 

TO 

55 

1 

17 

TO 

20 

55 

TO 

65 

2 

20 

TO 

22 

65 

TO 

72 

j 

22 

lo 

29 

72 

TO 

78 

0 

20 

TO 

?fc 

7« 

Tn 

«5 

1 

26 

TO 

28 

H5 

Til 

91 

0 

20 

TO 

:,o 

9  1 

TO 

vrt 

6 

10 

to 

32 

9ft 

Til 

109 

0 

12 

TO 

19 

109 

TO 

127 

1 

19 

TU 

95 

,27 

TO 

197 

0 

05 

TO 

55 

197 

Tfl 

1"0 

1 

55 

TO 

71 

1  H  0 

TO 

212 

1 

71 

TO 

100 

23? 

TO 

328 

0 

OVER 

100 

n\ 

tek 

328 

1 

BY  SHAPE 

shape  Factor  frequency 

0.0  TO  1.0  0 

1.0  TO  1.1  0 

1.1  TO  1,2  0 

1.2  YU  1,3  0 

1.1  10  1,«  1 

1.0  TO  1,5  1 

1.5  TO  1,0  1 

1,0  TO  1,7  2 

1,1  TO  1,8  0 

1,1  TO  1,T  1 

1,0  TO  2.0  0 

2.0  TO  2.0  1 

2.0  TO  2.6  1 

2.6  TO  2 . B  1 

2. A  TO  3.0  0 

3.0  TO  3,5  0 

3.5  TU  0.0  0 

0.0  TU  U.S  0 
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CONIFERS  (Midnight) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


ev  arfa 


> 

SQUARE 

meters 

FPEfHIE* 

1 

8.0 

TO 

1  0.0 

50 

f 

10. 0 

TO 

15.0 

63 

15.0 

TO 

20.0 

22 

% 

20.0 

TU 

25.0 

11 

! 

25.0 

TO 

30.0 

6 

Jo.O 

TO 

35.0 

3 

35,0 

TO 

no  .0 

0 

r 

an.o 

TU 

0  5,0 

1 

i 

A  5 . 0 

TO 

50.0 

0 

f 

50.0 

TO 

75.0 

0 

J 

75,0 

T<> 

100.0 

0 

* 

100.0 

10 

15  0.0 

3 

150.0 

TO 

200.0 

0 

200.0 

TO 

250,0 

0 

* 

250.  n 

TO 

10  0,0 

0 

§ 

3(10.0 

TO 

«  0  0 . 0 

0 

t 

<■00.0 

TO 

500,0 

0 

|  f 

OVER 

500. 0 

0 

Threshold  =  Mean  .  1.40  o 
Wavelength  =  4.5  -  5.5  ym 
Mean  =  274.98  Kelvin 
o  =  0.14  Kel vi n 


TOTAL  NUMBER  OF  ELLIPTICVL  AREAS  «  163 

F  E  A  HIRE  3  WITH  ARE  AS  L^83  THAN  8,00  30.  METERS  WERE  ALSO  RECUGNUED 


11 Y  PERIMETER 


BY  SHAPF 


!  MtTERS 

1 

FEET 

FREQUENCY 

shape 

Factor 

FREQUENCY 

0 

TO 

7 

0  TO 

22 

0 

n,0 

TO 

1.0 

0 

7 

TO 

10 

22  T() 

32 

O 

1.6 

TO 

1.1 

0 

10 

TO 

12 

3?  TO 

30 

0 

1.1 

TO 

1.2 

2 

12 

TO 

t« 

39  TO 

a5 

15 

1  .2 

TO 

1.3 

17 

1  a 

TO 

16 

as  TO 

52 

0 

1  .  1 

TO 

1  .a 

12 

16 

TO 

1  7 

5?  Tu 

55 

29 

1.0 

TO 

1.5 

3 

1  tT 

TO 

20 

55  TO 

65 

36 

1.5 

TO 

1.6 

20 

!  '■o 

TO 

22 

6  5  Tl  .l 

72 

1  8 

1.6 

TO 

1.7 

1  3 

1  22 

TO 

2«  . 

7  ?  TO 

78 

0 

1.7 

TO 

1  .« 

3! 

t  2a 

TO 

26 

76  TO 

85 

9 

1  .8 

TO 

1  .9 

10 

!  26 

TO 

28 

85  TO 

91 

15 

1.9 

TO 

2.0 

10 

i  2  0 

TO 

30 

9 1  TO 

98 

6 

2,0 

TO 

2.0 

26 

i  jo 

TO 

32 

R8  TO 

1  oa 

0 

2. a 

TO 

2.6 

1  0 

32 

TO 

39 

loa  TO 

127 

22 

2.6 

TO 

2.8 

u 

i  3a 

TO 

a5 

127  TO 

1  a  7 

2 

2.« 

TO 

3.0 

2 

1.  «5 

Tn 

55 

la'  tu 

ion 

7 

3.0 

TO 

3.5 

2 

55 

10 

71 

160  to 

232 

0 

3.5 

TO 

a .  0 

1 

71 

TO 

100 

232  TO 

328 

1 

a.O 

TO 

a. 5 

0 

DVIH 

100 

OVER 

328 

OVEN 

a. 5 

0 

-r 


P 


323 


% 

\ 


1750  ft 


■ea:  Conifers  (Wavelength  =  4,5  -  5.5  pm) 
Temperature  Threshold  =  Mean  +  2.00  o 
Mean  =  274.98  Kelvin 
Std.  Dev.  =  o  =  0.14  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  MIDNIGHT 
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C0N1FLRS  (Midnight) 

DISTRIBUTION  OF  ELL IPTICAL  AREAS  GREATER  THAN  THRESHOLD 


HY  AHFA 

SUUAHt  MFTfRS  FREQUENCY 


8.0 

7U 

10.0 

0 

10.0 

10 

15.0 

3 

1S.0 

TO 

20.0 

t 

20.0 

TO 

2S.0 

2 

25,0 

Tn 

30.0 

1 

jo.o 

TO 

35.0 

0 

35.0 

TO 

*)0.0 

0 

NO  .  0 

rr, 

<15.0 

0 

*45.0 

TO 

50 , 0 

0 

5  0.0 

TO 

75.0 

0 

'5.0 

TO 

loo.o 

0 

100.0 

TO 

1 5  o .  o 

0 

150.0 

TO 

2  0  (1 . 0 

0 

2o  o .  o 

TO 

25  0.0 

0 

250.0 

TO 

3  0  (i ,  0 

0 

300.0 

TO 

<4  0  0.0 

0 

4)go. r 

TO 

5  Ci .) .  0 

0 

UYf  « 

500.0 

0 

TOTAL  NlftCRER  OF  ELLIPTICAL  AREAS  «  7 


Threshold  =  Mean  +  2.00  a 
Wavelength  =  4.5  -  5.5  uni 
Mean  =  274.98  Kelvin 
o  =  0.14  Kelvin 


139 

1  el* 

TORE  S’ 

rITh 

areas 

less 

THAN  ft. 00 

HY  PI 

£  R I  ME  TER 

ME 

TERS 

1 

CEE  T 

FREOUENCY 

0 

TO 

7 

0 

TO 

22 

0 

7 

TO 

10 

22 

TO 

32 
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10 

TO 

12 

32 

TO 

39 

0 

12 

T  n 

1  « 

39 

TO 

<i5 

0 

1  « 

TO 

1  6 

<45 

TO 

52 

0 

1  A 

TO 

17 

5? 

TO 

55 

0 

1  7 

TO 

20 

SS 

TO 

65 

i 

20 

Tn 

22 

65 

TO 

72 

3 

22 

TO 

2U 

7? 

TO 

78 

0 

2« 

TO 

26 

7  0 

to 

85 

0 

26 

10 

2  B 

05 

TO 

91 

0 

26 

TO 

AO 

9  1 

1  It 

96 

0 

3u 

TO 

32 

*IR 

t  n 
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0 

32 

T  1 

39 

1  00 

Tn 

127 

1 

39 

’0 

<45 

127 

Ttl 

107 

1 

05 

TO 

55 

1  -4  7 

TO 

1*0 

1 

55 

TO 

7  1 

1  tin 

TO 

2  12 

0 

71 

TO 

100 

252 

TO 

J?B 

0 

OVER 

1  0  0 

•l’ 

YF.R 

326 

0 

meters  mere  also  recognized 


BY  SHAPE 

shape  factor  frequency 


0,0  TO  1.0  O 

! .0  TO  1 .1  0 

1.1  TO  1,2  0 

1  . 2  TO  1 . 3  0 

1.1  TO  l,«  0 

1.11  TO  1.5  (1 

1.1  10  l.t  1 

1 .A  TO  1 ,7  1 

1  .  7  T  0  1  .  6  1 

1  .A  TO  1  .9  ) 

1 ,9  TO  2,0  1 

2,0  TO  2. u  ) 

?,a  TJ  i  h  5 
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i.o  nj  s.s  o 

3.5  *0  <4.0  0 
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0  VF  R  *i  .  5  0 


3.5-151 


T  700  ft 


ea:  Conifers  (Wavelength  =  9.0  -  11.4  urn) 
Temperature  Threshold  =  Mean  +-  1.19  o 
Mean  =  274.76  Kelvin 
Std.  Dev.  -  o  11  0.74  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  MIDNIGHT 


3.5-152 


A 


/ 


; 


Vi: 

a/ 


i. 


2pi 


CONIFERS  (Midnight) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  ARf  A 


Threshold  =  Mean  +  1.19  o 


SQUARE  METERS 

FREQUENCY 

Wavelength  = 

9.0  -  11 

.4  gm  _-j 

Mean  =  274.76  Kelvin 

■  f 

8.0 

TO 

10.0 

as 

-I? 

10.0 

TO 

15,0 

80 

o  =  0.24  Kelvin 

1S.0 

TO 

20.  o 

as 

-i 

20.0 

TO 

25.0 

5? 

| 

2S.0 

TO 

50.0 

12 

-  -jj 
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TO 
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1 1 

1S.0 

TO 
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S 
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TO 
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b 

"i 
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TO 
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? 

50 . 0 

TO 
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7 
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TO 

1O0.0 

3 

j 
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TO 
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1 
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TO 
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1 
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TO 
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1 

4 
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TO 
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1 

i 
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TO 
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0 
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TO 
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0 

i 

l)Vf  R 
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1 

1'OfAL  NUMBER  OF 

elliptical  areas 

»  2b2 

3 

1138  E  t  A  T IJRF  S 

with  areas  UFSS  than 

6,00 

SQ.  METERS  were 

ALSO  RFCOE.NT  ZED 

BY  PEP l ME TER 

OY  SHAPE 

METERS 

FEET 

FREUUENCV 

shape 

FACTOR 

FREQUENCY 

0  TO 

7 

0  To  22 

0 

0 . 0 

TO  1.0 

0 

7  T  0 

10 
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0 
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12 
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0 
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a 
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1« 
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13 
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17 
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0 
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31 
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20 
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as 
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30 
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22 
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32 
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2b 
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23 
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20 
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50 
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29 

2,6 
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7 
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3.5-153 


ea:  Conifers  (Wavelength  =  9.0  -  11.4  ym) 
Temperature  Threshold  -  Mean  +  1.50  a 
Mean  =  274.76  Kelvin 
Std.  Dev.  =  o  =  0.24  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  MIDNIGHT 


CONIFERS  (Midnight) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


HY 

area 

Threshold  =  Mean  +  1.50  o 

SQUARE 

HE  TERS 

FREQUENCY 

Wavelength  =  9.0  -  11.4  urn 

Mean  =  274.76  Kelvin 

8.0 

TO 

t  0 . 0 

5 

10,0 

TO 

15.0 
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o  =  0.24  Kel vi n 
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TO 
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25.0 

1 

25.  o 

TO 

30.0 

1 

3o,o 

TO 

3  5,0 

1 

35,0 

TO 

00.0 

0 

on,  0 

TO 

"5.0 

0 

OS.  0 

H) 

50.0 

1 

5  0,0 

TO 

75.0 

0 

75.0 

TU 

1  On.O 

0 

l  0  0 . 0 

TO 

15  0.0 

0 

150.0 

TO 

200.0 

0 

2  0  0 . 0 

TO 

2  5  0 . 0 

A 

250.0 

TO 

3  0  0.0 

0 

3  0  0.0 

TO 

0  0  0.0 

0 

0  0  0,0 

TO 

500.0 

ft 

ov 

EH 

500. 0 

0 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  «■  !S 

100  FEAT  DUES  WITH  AREAS  LESS  THAN  8.00  SO.  METERS  «ERF.  ALSO  RECOGNIZED 


HY  PERIMETER  HY  SHAPE 
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3.5-155 


}erim 


MICHIGAN  WINTER  SCENE  - 


Power  Spectra 


Spectral  Bands:  3.5  - 
4.5  - 
9.0  - 


CONIFERS 


3.9  pm 
5.5  ym 
11.4  pm 


3.5-156 


Power  spectral  density  is  { ‘ K)  ycycl e/meter  for  the  4.5  to  5.5  and  9.0  to  11.4  pm  bands 


spectral  density  is  (K)  /cycle/meter 


N  [RIM 


ctral  density  is  (‘K)  /cycle/mete; 


:tral  density  is  ('K^/cycl e/meter  for  the 


cycle/meter  for  the 


/cycle/meter  for  the 


POWER  SPECTRA  -  HIDNIEHT  (Angle:  90  Deg.) 


:ycl  e/meter 


ii.  i  iii .  jiiiminiiu  ii  iMi:i'iiiiiiiiiiiibMi.,ii  "in  •  wm  — k— «M4&  am  waft 


Power  spectral  density  is  ( 'KJVcycTe/’nieter  f°r  bbe  4.5  to  5.5  and  9.9  to  11.4  urn  bands 


MICHIGAN  WINTER  SCENE  -  FARMLAND 

Means  and  Standard  Deviations  for  Spectral  Bands 
Correlations  Between  Spectral  Bands 

Spectral  Bands:  Channel  8:  3.5  -  3.9  ym  (°K) 
Channel  10:  4.5  -  5.5  ym  (°K) 
Channel  12:  9.0  -  11.4  ym  (°K) 


3.5-173 


>Trim 


FARMLAND  -  PRE-DAWN 


Number  of  Subregions:  1 
Line  Increment  Used:  1 

Pixel  Increment  Used:  1 
Correlation  Channels:  10  (A. 5  -  5.5  Um) 

12  (9.0  -  11.4  ym) 


90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Li..e  Subarea  Divisions  At:  1  385 


Correlation 


1.000 

0.765  1.000 


Channels 


Mean  2.7455E+02  2.7407E+02 

Standard  Deviation  1.4660E-01  2.2202E-01 


Total  Points 


154000. 


154000. 


35°  Depression 

Pixel  Svbarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  211 


Correlation 


1.000 

0.840  1.000 


Channels 


Standard  Deviation 
Total  Points 


2.7445E+02  2.7407E+02 

1.5195E-01  2.4940E-01 


84400. 


84400. 


3.5-174 


. iiiihtwii*^^  aw  iiwitiMWi'iBPiiP'H*'^  ,Li  i  '-“fSTff  *•  ''IfliWf '  ■  • ,u' r  «r  - ■  f1- i-  ''Hf  'ip> .-  j  i1  ■  ■'  K  ■ ;l  ? l!J^; : 


Verm. 


FARMLAND  -  NOON 


Number  of  Subregions: 
Line  Increment  Used: 
Pixel  Increment  Used: 
Correlation  Channels: 


8  (3,5  -  3.9  pm) 
10  (4.5  -  5.5  pm) 
12  (9.0  -  11.4  pm) 


90°  Depression 


Pixel  Subarea  Divisions  At:  123  523 


Line  Subarea  Divisions  At: 


1  385 


Correlation 


1.000 

0.174  1.000 

0.266  0.607  1.000 


Channels 


2.7966E+02  2.7662E+02  2.7723E+02 


Standard  Deviation  4.2649E+00  9.4617E-01  1.2254E+00 


Total  Toints 


153200. 


153200. 


153200. 


35°  Depression 


Pixel  Subarea  Divisions  At:  123  523 


Line  Subarea  Divisions  At: 


1  211 


Correlation 


1.000 

0.315  1.000 

0.396  0.687  1.000 


Channels 


2.8104E-I-02  2.7736E+02  2.77915+02 


Standard  Deviation  3.4479E+00  1.0462E+00  1.4930E+00 


Total  Points 


83600. 


83600. 


83600. 


3.5-175 


FARMLAND  -  SUNSE'i 


Number  of  Subregions:  1 
Line  Increment  Used:  1 

Pixel  Increment  Used:  1 
Correlation  Channels:  10  (4.5  -  5.5  ym) 

12  (9.0  -  11.4  urn) 

90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  385 

Correlation  10  12 

10  1.000 

12  0.744  1.000 


Channels  10 

Mean  2.7501E+02 

Standard  Deviation  2.8952E-01 
Total  Points  154000. 


12 

2.7479E+02 
4. 0305E-01 
154000. 


35°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  211 


Correlation  10  12 

10  1.000 

12  0.844  1.000 


Channels  10 

Kean  2.7502E+02 

Standard  Deviation  2.9582E-01 
Total  Points  84400. 


12 

2.7470E+02 
4 . 5508E-01 
84400. 


3.5-176 


}  [RIM 


f.  . 


FARMLAND  -  MIDNIGHT 


Number  of  Subregions: 
Line  Increment  Used: 
Pixel  Increment  Used: 
Correlation  Channels: 


10  (4.5  -  5.5  pm) 
12  (9.0  -  11.4  pm) 


90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  385 


Correlation  10  12 

10  1.000 

12  0.8/1  1.000 

Channels  10  12 

Mean  2.7466E+02  2.7416E+02 

Standard  Deviation  2.2886E-01  3  6454E-01 


Total.  Points 


154000. 


35°  Depression 


154000. 


Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  211 


Correlation 


1.000 

0.905  1.000 


Channels 


Mean  2.7475E+02  2.7433E+02 

Standard  Deviation  1.9049E-01  3.2901E-01 


Total  Points  : 


84400. 


84400. 


3.5-177 


2p 


MICHIGAN  WINTER  SCENE  -  FARMLAND 

Histograms 


Spectral  Bands:  3.5  -  3.9  pm 

4.5-  5 . 5  pm 

9.0  -  11,4  pm 


*  Circles  define  a  Gaussian  curve  with  the  same  mean  and  standard 
deviation  as  the  actual  histogram.  An  "S"  on  some  curves  indicates 
saturation.  Because  of  limits  on  gain  settings  some  values  may  exist 
beyond  the  digital  limits  of  0  and  255,  the  digital  dynamic  range,  of 
the  data  processing. 


3 . 5'  -178 


3  5-1  BO 


FARMLAND  Waveleng1'1’  =  3.0- 
Mean  =  274.0 
Std.  Dev.  =  0.22 


Area:  FARMLAND  Wavelength  * 


NOON  (ANGIE:  90  DEG.) 


FARMLAND  Wavelength  =  9.0  -  11.4  pm 


FARMLAND  Wavelength  =4.5 


3.5-189 


FARMLAND  Wavelength  «  4.5  - 
Mean  -  275.01 
Std.  Dev.  =  0.29 


SUNSET  (, 


FARMLAND  Wavelength  =  4.5  - 
Mean  =  275.02 
Std.  Dev.  =  0.30 


MIDNIGHT  (ANGLE:  90  DEG.) 


MICHIGAN  WINTER  SCENE  -  FARMLAND 


Power  Spectra 


Spectral  Banda:  3.5  -  3.9  pm 

4.5-  5 . 5  pm 

9.0  -  11.4  pm 


Spectral  Density  is  (ttK)‘Vcycle/'rieter  for  4.5  to  5.5  ym  and  9.0  to  11.4 


!ER  SPECTRA  -  MICHIGAN  WINTER  SCENE:  PRE-DAWN  -  (ANGLE:  90  DEG.)  -  IN-TRACK 


ler  Spectral  Density  is  (CK) Vcycle/neter  for  4.5  to  5.5  ym  and  9.0  to  11. 


SPECTRA  -  MICHIGAN  WINTER  SCENE:  PRE-DAWN  -  (ANGLE:  35  DEG.)  -  IN-TRACK 


>er  Spectral  Density  is  (°K)vcycle/met9r  for  3.5  to  3.9  pm,  4.5  to  5.5  l 
l  9.0  to  1 1 .4  pm  bands. 
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3.5-203 


POWER  SPECTRA  -  MICHIGAN  WIN  ER  SCENE:  NOON  -  (ANGLE:  90  DEG.)  -  IN-TRACK 


■er  Spectral  Density  is  (°K)  vcycle/.  .eter  for  3.5  to  3.9  pm. 
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POWER  SPECTRA  -  MICHIGAN  WINTER  SCENE:  NOON  -  (ANGLE:  35  DEG.)  -  IN-TRACK 


ter  Spectral  density  is  (°K)Vcycl e/meter  for  4.5  to  5.5  pm  and  9.0  to  11.4  pm 


SPECTRA  -  MICHIGAN  W’NTER  SCENE:  SUNSET  -  {ANGLE:  90  DEG.)  -  IN-TRACK 


. . . . . . 


Density  is  ("K'/Vcyele/tneter  f 


Spectral  Density  is  (°K)^/cycle/meter  for  4.5  to  5.5  urn  and  9.0  to  11.4 


3,5-213 


IER  SPECTRA  -  MICHIGAN  WINTER  SCENE:  MIDNIGHT  -  (ANGLE: 


MICHIGAN  WINTER  SCENE  -  LAUD  &  WATER 


Histograms* 


Spectral  Bands:  3.5  -  3.9  ym 
4.5  -  5.5  ym 
9.0  -  11.4  ym 


Circles  define  a  Gaussian  curve  with  the  same  mean  and  standard 
deviation  as  the  actual  histogram.  An  "S"  on  some  curves  indicates 
saturation.  Because  of  limits  on  gain  settings  some  values  may 
exist  beyond  the  digital  limits  of  0  and  255,  the  digital  dynamic 
range  of  the  data  processing. 


3.5-214 


RADIANCE 
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3.5-218 
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3.5-220 


TEMPERATE PE  IN  KELVIN 


Area:  LAUD  4  WATER 
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3.5-224 


290  29?  300 

TEMPERATURE  IN  KELVIN 


3.  W25 


SUNSET  (ANGLE:  90  DEG. ) 


3.  WZ7 


TEMPERATURE  IK  KELVIN 


3.5-228 


Area:  LAND  S  MATER  Wavelength  =  4.5  - 

Mean  =  274.96 
Std.  Dev.  =  0.07 


MIDNIGHT  (ANGLE:  90  DEG. ) 


MICHIGAN  WINTER  SCENE  -  LAND  &  WATER 

Means  and  Standard  Deviations  tor  Spectral  Bands 

Correlations  Between  Spectral  Bands 

Spectral  Bands:  Channel  8:  3.5  -  3.9  pm  (°K) 
Channel  10:  4.5  -  5.5  ura  (°K) 
Channel  12:  9.0  -  11.4  vim  (°R) 


3.5-233 


LAND  &  WATER  -  PRE-DAWN 


Number  of  Subregions: 
Line  Increment  Used: 
Pixel  Increment  Used: 
correlation  Channels: 


1 

1 

1 


10  (A. 5  -  5.5  vtm) 
12  (9.0  -  11.4  um) 


90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  385 


Correlation 

10 

12 

10 

1.000 

12 

0.654  1 

.000 

Channels 

10 

12 

Mean 

2.7505E+C2 

2.7487E+02 

Standard  Deviation 

1.1105E-01 

1.7481E-01 

Total  Points 

154000. 

154000. 

35°  Depression 


Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  211 

Correlation  10  12 

10  1.000 

12  0.724  1.00C 


Channels 

Mean 

Standard  l)r  v lotion 
Total  Points 


10 

2.749  6K+02 
9.6314E-02 
84 4 CO. 


12 

2.7464E+02 
1 . 610/L-C1 
84400. 


LAKD  6  WATEP  -  rtOON 


Number  of  Subregions:  1 
Line  Increment  Used:  1 

Pixel  Increment  Used:  1 
Correlation  Channels.  8  (3.5  -  3.9  pm) 

10  (4.5  -  5.5  pm) 
12  (9.0  -  11.4  pm) 


90°  Depression 


Pixel  Subarea  Divisions 

At: 

123  523 

Line  Subarea 

Divisions 

At: 

1  385 

Correlation 

8 

10 

12 

8 

1.000 

10 

0.313 

1.000 

12 

0.345 

0.793 

1.000 

Channels 

8 

10 

12 

Mean 

2.8120E+02 

2.7681E+02 

2.7747E+02 

Standard 

Dev 'at ion 

4.1248E+00 

1.1984E+00 

1 . 6994E+00 

Total  Points 

153200. 

153200. 

152200 . 

35°  Depression 

Pixel  Subarea  Divisions  At: 

123  523 

Line  Subarea 

Divisions 

At: 

1  211 

Correlation 

8 

10 

12 

8 

1.000 

10 

0  5'1 

1.000 

12 

0.565 

0.905 

l.OCO 

Channels 

8 

10 

12 

Mean 

2. 7  93  7  F, +02 

2 . 7  623E+02 

2 . 7  61GE+Q2 

Standard 

Dev iat ion 

3 .6773  F, +00 

9.9948E-01 

1.5471E+00 

T<>t;  1  Point  s 

83600. 

83600. 

8360C , 

3.5-235 


MICHIGAN  WINTER  SCENE  -  LAND  &  WATER 


t 


L, 


Ellipse  Statistics 


Spectral  Bands:  3.5 
4.5 
9.0 


3.9  pm 
5 . 5  pm 
11.4  pm 


3.5  -237 


PKSCUOJNO  f  AGE  BLAIK-NOT  /IJ 


2l«i 


LAND  &  WATER  -  SUNSET 


/, 

J 

t 


I. 


Number  of  Subregions: 
Line  Increment  Used: 
Pixel  Increment  Used: 
Correlation  Channels: 


1 

1 

1 

10  (4 


12 


5 

(9.0 


-5.5  ym) 
-11.4  ym) 


90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  385 


Correlation  10  12 

10  1.000 

12  0.882  1.000 


Channels 

Mean 

Standard  Deviation 
Total  Points 


10 

2.7525E+02 
2 . 6181E-01 
154000. 


12 

2.7512E+02 
4. 2969E-01 
154000. 


35°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  211 


Correlation  10  12 

10  1.000 

12  0.904  1.000 


Channels 

Mean 

Standard  Deviation 
Total  Points 


10 

2 . 7  529E+02 
2. 3681E-01 
84400. 


12 

2. 7497E+02 
4. 8677E-01 
84400. 


3.5-238 


fWHfjpfpfpwF" . Twyjpiwiw . . . . . . . . . . . f 


LAND  &  WATER  -  MIDNIGHT 


Number  of  Subregions : 
Line  Increment  Used: 
Pixel  Increment  Used: 
Correlation  Channels: 


1 

1 

10  (4.5  -  5,5  yui) 
12  (9.0  -  11.4  ym) 


90°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  385 


Correlation  10  12 

10  1.000 

12  0.420  1.000 

i 

Channels 
Mean 

Standard  Deviation 
Total  Points 


10 

2 . 7490E+02 
7.3608E-02 
154000. 


12 

2.7474E+02 

1.0586E-01 

154000. 


35°  Depression 

Pixel  Subarea  Divisions  At:  123  523 

Line  Subarea  Divisions  At:  1  211 


Correlation  10  12 

10  1 . 000 

12  0.023  1.000 


Channels 

Mean 

Standard  Deviation 
Total  Points 


10 

2. 7491E+02 
5 . 3676E-02 
84400. 


12 

2.7451E+02 
7 . 2946E-02 
84400. 


3. 5-239 


p?  s 

I  V 


LAND  &  WATER  -  PRE-DAWN 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  TUAN  THRESHOLD 


by  area 


SQUARE 

METERS 

FRFQUE! 

8.0 

TO 

10. 0 

26 

1  0 , 0 

TO 

15.0 

<10 

15.0 

TO 

?0.0 

25 

20.0 

TO 

?5.0 

13 

25.0 

TO 

Jo.o 

5 

Jo.o 

TO 

35.0 

6 

JS.n 

TO 

00.0 

3 

60.0 

TO 

as.o 

1 

65.0 

TU 

50.0 

u 

50.0 

TO 

75. n 

1« 

7  5.0 

TO 

100.0 

9 

100.0 

TO 

150.0 

7 

150.0 

TO 

2  0  0.0 

3 

200.0 

TO 

250.0 

0 

25  0.0 

TO 

300.0 

3 

3  0  0 . 0 

TO 

"00.0 

3 

6  0  0 . 0 

TO 

50  0.0 

1 

OVER 

500.0 

1 

Threshold  =  Mean  +  2.15  a 
Wavelength  =  4.5  -  5.5  pm 
Mean  =  275.05  Kelvin 
a  =  0.11  Kelvin 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  "  166 

7«7  FLAT  I)  NFS  WITH  AREAS  LESS  THAN  B.0O  SO,  METERS  WERE  ALSO  RtCUGNlZED 


METERS 


HY  PERIMETER 


FFET 


FREQUENCY 


BY  SHAPE 


shape  factor  frequency 


0 

TO 

7 

0 

TO 

22 

0 

0 

,0 

TO 

1.0 

0 

7 

TO 

10 

22 

Til 

32 

0 

1 

.0 

TO 

l.i 

0 

10 

TO 

12 

32 

TO 

39 

0 

1 

.  1 

TO 

1.2 

1 

12 

TO 

1  o 

39 

TO 

65 

6 

1 

.2 

TO 

1.3 

7 

10 

TO 

lb 

05 

TO 

52 

0 

1 

i  3 

TO 

1  .6 

1 

1  6 

TO 

17 

52 

TO 

55 

10 

1 

.  6 

TO 

1.5 

6 

1  7 

TO 

20 

55 

TO 

65 

15 

1 

.5 

TO 

1.6 

1  J 

20 

TO 

22 

65 

TO 

72 

17 

1 

.6 

TO 

1.7 

8 

22 

TO 

20  • 

72 

TO 

78 

0 

1 

.7 

TO 

1.8 

16 

2<l 

TO 

26 

7  ft 

TO 

85 

16 

1 

.8 

TO 

1.9 

8 

26 

TO 

28 

8  5 

TO 

v  l 

6 

• 

o 

TO 

2.0 

6 

20 

TO 

30 

91 

TO 

68 

10 

2 

TO 

2.6 

3u 

30 

TO 

32 

9A 

TO 

1  no 

0 

2 

,  <j 

TO 

2.6 

10 

32 

TO 

39 

1  no 

TO 

1  2  7 

22 

2 

A* 

TO 

2,8 

7 

39 

TO 

65 

127 

TIJ 

in  7 

8 

2 

,  A 

TO 

s.o 

a 

65 

TO 

55 

107 

TO 

180 

7 

3 

,  0 

TO 

3.5 

i ; 

55 

TO 

71 

1  80 

TO 

232 

5 

3 

TU 

6.0 

8 

71 

TO 

100 

212 

TO 

328 

17 

u 

.  ft 

TO 

6.5 

3 

OVER 

100 

TWER 

J2« 

27 

nvr  h 

6.5 

10 

3.5-241 


LAND  &  WATER  -  Pre-dawn  (Wavelength  =  4.5 
Temperature  Threshold  =  Mean  +  3.71  o 
Mean  =  275.05  Kelvin 
Std.  Pev.  =  a  =  0.11  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 


3 . 5-242 


~ 1750  ft 


LAND  &  WATER  -  Pre-dawn  (Wavelength 
Temperature  Threshold  =  Mean  +  2 
Mean  *  274.87  Kelvin 
Std.  Dev.  =  o  =  0.17  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 


9.0  -  11.4  pm) 
09  a 


3.5-244 


LAND  &  WATER  -  PRE-DAWN 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY 

AREA 

Threshold  =  Mean  +  2.09 

SQUARE 

meters 

FREQUENCY 

Wavelength  =  9.0  -  11.4 

a.o 

TO 

10,0 

25 

Mean  =  274.87  Kelvin 

10,0 

15.0 

TO 

TO 

15,0 
?0. 0 

37 

20 

o  =  0.17  Kelvin 

20,0 

TO 

25.0 

13 

25.0 

TO 

30.0 

A 

30,0 

TO 

35.0 

8 

35.0 

TO 

<10,0 

7 

40.0 

TO 

05.0 

3 

45.0 

TU 

50.0 

2 

b0.n 

TO 

75.0 

9 

75.0 

TO 

100.0 

a 

100,0 

TO 

150,0 

? 

150,0 

TO 

200.0 

3 

200,0 

TO 

250.0 

1 

250,0 

TO 

300,0 

1 

300. 0 

TO 

400.0 

0 

400.0 

TO 

500.0 

0 

OVER 

500,0 

3 

TOTAL  NUMBER  OF 

ELLIPTICAL  AREAS  « 

1  44 

34b  FEATURES 

WITH  ARIAS 

LESS 

THAN  ».f)0  SQ, 

METERS  WFRE  also  RECOGNIZED 

BY  PEKI«£T£R 


BY  SHARE 


METERS 


rFF.T  FREQUENCY 


shape  factor  FREQUENCY 


0 

TD 

7 

0 

T(| 

22 

C 

7 

TCI 

10 

2? 

rn 

32 

0 

10 

TO 

1  2 

32 

TO 

39 

0 

12 

TU 

1  4 

39 

in 

45 

a 

14 

TU 

1  fc 

«5 

ro 

52 

0 

16 

TU 

1  7 

52 

1.1 

55 

13 

1  7 

TU 

20 

5  5 

in 

66 

21 

20 

TU 

22 

Mi 

7  ?. 

15 

22 

TU 

74  • 

7  ? 

TO 

Y3 

c 

24 

TO 

2b 

7f 

Ml 

65 

6 

2b 

TO 

26 

ft  6 

M} 

91 

9 

2  6 

T  n 

30 

6  1 

in 

96 

8 

30 

TU 

32 

<>  «. 

TO 

1  0  4 

0 

32 

TO 

39 

(  0  1! 

TO 

177 

lb 

39 

TU 

46 

177 

>  n 

147 

14 

45 

TO 

55 

147 

TO 

160 

7 

55 

TO 

71 

160 

TO 

232 

5 

71 

TO 

too 

232 

rn 

328 

10 

i  no 

n 

*./  r- « 

3  78 

1  0 

0.0 

TO 

1  .4 

0 

1.0 

TO 

1.1 

0 

1.1 

TU 

1.? 

2 

1.2 

TU 

1.3 

10 

1.3 

T  n 

1.4 

6 

1.4 

TO 

1  .5 

6 

1.5 

TO 

1  .  b 

1  n 

1  .6 

TO 

1.7 

1  2 

1  .7 

TO 

1  .8 

1  9 

1.6 

TU 

1  .9 

1  0 

1  .9 

TO 

2.0 

i 

2,0 

TU 

2.4 

32 

2.4 

7  n 

7.6 

7 

2.6 

T  0 

7 . 8 

8 

2.8 

TO 

3.0 

2 

3.0 

TU 

3.5 

5 

3.5 

TU 

4,0 

1 

4.0 

TU 

4.5 

1 

OVF  H 

4,5 

3 

-* 

/ 


« m 


2pl 


LAND  &  WATER  -  DRE-DAWN 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  1  HAN  THRESHOLD 


BY 

AREA 

Threshold 

= 

Mean  +  3.66  o 

-4 

SQUARE  meters 

FREQUENCY 

Wavelength 

=  9.0  -  11.4  pm 

1 

Mean  =  274. 

87  Kelvin 

j 

I  8.0 

T  0 

10.0 

1 

. 

. .jgj 

f  10. 0 

TO 

15.0 

0 

o  =  0.17 

Kelvin 

'  15.0 

TO 

20.0 

1 

20.0 

TO 

25.0 

2 

25.0 

TO 

30.0 

2 

-Ti 

t  30.0 

TO 

35.0 

1 

-=j 

35.0 

TO 

<1(1,0 

0 

' 

90.0 

TO 

95.0 

0 

i"-7 

95.0 

TU 

50 . 0 

p 

50.0 

TO 

75.0 

0 

--- 

75,0 

TO 

m  0 . 0 

0 

100.0 

TO 

150.0 

0 

,  150.0 

TO 

200.0 

0 

f  200.0 

TO 

250.0 

p 

-r 

250.0 

TO 

30  0.0 

0 

•j 

.  300.0 

TO 

900.0 

p 

-  -  = 

1  \  «oo.o 

TO 

5  0  0.0 

0 

i 

over 

500.0 

0 

1  TOYAL  NUMKER  OF 

ELLIPTICAL  AREAS  - 

7 

v 

1  Jfl  f  t  A  TUKE  8 

WITH  AREAS 

LESS 

THAN  8.00  3Q , 

METERS  were 

also  RKcur.NUEO 

f 

t 

u 

BY  P£ R I Mt  TE R 

BY  SHAPE 

L 

m 

i  METERS 

FEET 

FREQUENCY 

SHARE 

factor  frequency 

7 

i  0  TO  > 

7 

0  T(.l 

22 

0 

0.0 

TO 

1.0  0 

7  TO 

10 

2?  TO 

32 

0 

1  .0 

TfJ 

1.1  0 

:  lo  to 

12 

3?  TO 

39 

0 

1 .1 

TU 

1.2  0 

12  TO 

1  9 

39  TO 

95 

0 

1  .2 

TO 

1.3  0 

jj  10  TO 

16 

95  TO 

52 

0 

1  .3 

TO 

1.9  0 

M  1 6  TO 

17 

52  TO 

55 

1 

1  .9 

TU 

1.5  1 

- 

St  17  TO 

20 

55  TO 

65 

0 

1 .5 

TO 

1  .6  J 

ffl*  20  TO 

22 

65  TO 

72 

0 

1  .6 

TO 

1.7  0 

22  TO 

29 

7?  TO 

76 

0 

1  .7 

TU 

1.8  2 

■4 

20  TO 

26 

75  Til 

65 

0 

1.6 

TU 

1.9  2 

i  2b  TO 

26 

R5  TP 

91 

2 

1  .9 

TO 

2.0  1 

i"  28  TO 

30 

9  1  TO 

98 

1 

2.0 

Til 

2.9  0 

JO  TO 

32 

9  6  TO 

1  09 

0 

2.9 

TO 

2.6  0 

S  32  TO 

39 

109  TO 

127 

3 

2.6 

TU 

2.8  0 

7 

39  TO 

95 

127  TO 

197 

0 

2.6 

TO 

3.0  0 

I 

0  5  TO 

55 

19  7  10 

mo 

0 

3.0 

TO 

3.5  0 

55  TO 

71 

1  BO  TO 

232 

0 

3.5 

TO 

«  .  0  C 

-  «  71  10 

mo 

232  TO 

328 

0 

9.0 

TU 

9.5  0 

OVER 

mo 

OVER 

3?t> 

0 

nvFR 

9  -  J  0 

7 

3.5-247 


1750  ft  — 


LAND  &  WATER  -  Noon  (Wavelength  =3.5 
Temperature  Threshold  =  Mean  +  1.83  o 
Mean  =  281 .20  Kelvin 
Std.  Dev.  =  a  =  4.12  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 


3.5-248 


BY  ARF  A 

SQUARE  METERS  FREQUENCY 


r 

5 

a  .(i 
10,0 

TO 

TO 

10.0 

15.0 

22 
2  9 

19.0 

TO 

20.0 

20 

20.0 

TO 

25.0 

0 

: 

25 .  n 

TO 

30. o 

1 

iO.O 

TO 

35.0 

1 

39.0 

TO 

ft  0  ,  ft 

R 

i- 

ftO  .  0 

TO 

R9 . 0 

ft 

US  .  0 

TO 

5  0.0 

3 

so .  n 

TO 

79.0 

2 

75, n 

TO 

loo.o 

1 

1  o  o  .  o 

TO 

150.0 

3 

190,0 

TO 

200. n 

1 

i-- 

2  0  o  ,  o 

T  f , 

250. 0 

0 

r 

250.0 

TO 

10  0.0 

0 

l ] 

ioo .  n 

TU 

R  0  0 , 0 

0 

l. 

1 

000. 0 

TO 

500 .0 

0 

’■  - 

OVER 

5  0  0.0 

0 

TOTAL  HUMBER  OE  ELLIPTICAL  AREAS  -  99 


Threshold  =  Mean  +  1.83  a 
Wavelength  =  3.5  -  3.9  pm 
Mean  =  281 .20  Kelvin 
a  -  4.12  Kelvin 


1 


1690  FLAT  ORE  S  WITH  AKfnS  CESS  THAN  8,00  30,  MFTERS  WERE  ALSO  RECOGNX  ZFD 
BY  PERIMETER  HY  SHAPE 


ME  T l H3 

FEET 

FREQUENCY 

3HAPf. 

FACTOR 

FREQUENCY 

- 

0 

TO 

7 

0 

TO 

22 

0 

0.0 

TO 

1.0 

0 

u 

7 

in 

10 

22 

TO 

32 

0 

1  .6 

TO 

1  .  1 

0 

f 

10 

TO 

12 

32 

TO 

39 

0 

1  .  1 

TO 

1.2 

1 

fe 

12 

T  n 

1ft 

39 

TO 

R5 

ft 

1  .2 

TO 

1.3 

ft 

1  ft 

TO 

lb 

RS 

TO 

52 

0 

1.1 

TO 

1  .U 

fc 

1  6 

TO 

1  7 

52 

TO 

55 

I  0 

1  .ft 

TO 

1.5 

2 

i  7 

TO 

20 

55 

Til 

65 

7 

1  .5 

TO 

1  .6 

7 

£ 

20 

TU 

22 

65 

TO 

72 

10 

1  .6 

TO 

1.7 

3 

* 

22 

TO 

2  «  • 

72 

TO 

76 

0 

1  .7 

TU 

1  .0 

1  2 

1% 

?ft 

TO 

?b 

76 

TO 

65 

1  3 

1.6 

TO 

1  .9 

7 

f 

2  b 

TO 

26 

65 

TO 

91 

1  1 

1.9 

TO 

2.0 

5 

fey 

20 

TO 

30 

9  1 

TO 

Ob 

7 

2.0 

TO 

2.  ft 

39 

30 

TO 

32 

96 

TO 

1  nft 

0 

2.  ft 

TO 

2  ,  b 

5 

3  2 

TO 

39 

1  OR 

TO 

12? 

15 

2.6 

TO 

2.6 

ft 

ih 

39 

TO 

R5 

1  27 

TO 

1  ft  7 

ft 

?.« 

TO 

3.0 

1 

r: 

u  5 

TO 

55 

1  ft  7 

TO 

1  8  3 

5 

3.0 

TO 

3.5 

ft 

- 

55 

TO 

71 

1  60 

TO 

232 

6 

3.5 

TO 

ft.o 

1 

71 

TO 

100 

232 

TO 

120 

5 

ft.O 

TO 

ft. 5 

1 

OVER 

100 

EWE  H 

326 

2 

OVER 

ft. 5 

0 

.'3.5-249 


1750  ft 


LAND  &  WATER  -  Noon  (Wavelength  =3.5 
Temperature  Threshold  =  Mean  +  3.00  a 
Mean  =  281.20'  Kelvin 
Std.  Dev.  =  o  =  4.12  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 


>7rim 


LAND  &  WATER  -  NOON 

DISTRIBUTION  Of  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


H  T  ARF  A 


SQUARE  METERS 


FREQUENCY 


e.o 

TO 

10.0 

m. 0 

TO 

15.0 

iS.n 

TO 

20.0 

?0.0 

TO 

?S  .  0 

25.  n 

TO 

3  0.0 

jo.n 

TO 

35.0 

35. n 

TO 

00.0 

0  o ,  n 

TU 

45.0 

45.0 

TO 

50,0 

SO  .  0 

TO 

75.0 

76,0 

TO 

100.0 

loo.o 

TO 

15  0,0 

150,0 

TO 

2  0  0 . 0 

?oo,o 

TO 

250,0 

250  ,  0 

TO 

3  0  0 . 0 

iuo.o 

TO 

400.0 

0  0  0,0 

TO 

500 . 0 
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LAND  &  WATER  -  Noon  (Wavelength  =4.5 
Temperature  Threshold  =  Mean  +  2.50  a 
Mean  =  276.81  Kelvin 
Std.  Dev.  =  o  =  1.20  Kelvin 

EQUIVALENT  ELLIPTICAL  "REAS 
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Threshold  =  Mean  +  2.50  c 
Wavelength  =  4.5  -  5.5  pm 
Mean  =  276.81  Kelvin 
o  =  1.20  Kelvin 
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LAND  &  WATER  -  NOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 
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LAND  &  WATER  -  NOON 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 
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Threshold  =  Mean  +  2.35  o 
Wavelength  =  9.0  -  11.4  ym 
Mean  =  277.47  Kelvin 
o  =  1.70  Kelvin 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  «  i  o') 

27fj  FFAlupf.S  ,Hi  AhFAS  LESS  Than  S .  o  0  SO.  mFTERS  Kt«E  ALSU  «t  C.lir.H  1 2FD 


GY  PCWI-tTfcR 


Mr  [ ,-  HS 


FREUUfcNtY 


3.5-257 


GY  SHAPE 

SHAPE  Factiip  EREOllENCY 


.) 

T  'I 

7 

0 

Tr. 

pp 

0 

f..n 

TU 

1.0 

0 

/ 

T  fi 

10 

2? 

TO 

3? 

i.o 

TU 

1 . 1 

0 

t  0 

T  ;*» 

1 

32 

”T  . 

SR 

0 

i  .  l 

TO 

1 .2 

1  ^ 

T  f' 

i 

3  7 

T  C.I 

us 

s 

1  .  P 

TO 

1.3 

1  2 

1  u 

TO 

1  0 

ub 

To 

S2 

0 

1  .S 

TU 

1  .u 

1  9 

Jfc 

1  •) 

1  7 

bP 

T»1 

ss 

PS 

l  .  u 

TO 

1  .b 

1  0 

!  7 

7  "l 

?«, 

ss 

T  1 1 

AS 

27 

1  .  b 

Til 

1  .  t> 

27 

?C 

T  M 

<><* 

ll 

T  n 

72 

1  <i 

1  .  h 

TU 

1  .7 

\  7 

}  2 

T  n 

f  u 

7? 

TO 

1  *1 

<) 

1  .7 

TU 

1  .b 

1  A 

?  A 

t  n 

?t* 

7  P 

11 

Sb 

19 

1  .p 

TU 

1  .9 

9 

r 

i  • » 

?(• 

mS 

7  «') 

9  1 

P 

1  .9 

TU 

2.0 

1  3 

T  r» 

i  0 

-7  1 

TO 

OP 

H 

P.n 

TU 

2.U 

1  7 

r-fi 

T  n 

V 

y  p 

TO 

1  nu 

0 

?.'* 

TU 

P  .  b 

1  1 

*■»* 

T  n 

V' 

1  n  u 

7  n 

1  P  7 

1  u 

P.A 

TU 

2,« 

u 

70 

EI  S 

T  7 

T  0 

1  «7 

t> 

?.P 

TO 

1.0 

u 

7  «"* 

s  > 

hit 

7  I ) 

1  PO 

1  1 

s.n 

TO 

3  ,  b 

2 

Vj 

TO 

7  1 

l  (•  n 

Hi 

PSP 

1  u 

S.b 

T  0 

9.0 

1 

7  1 

i  no 

PIP 

Tii 

3?H 

7 

U.O 

TO 

9  .S 

2 

over 

100 

(T 

vpR 

SPb 

7 

nvF  u 

U  .  b 

1 

liuiidiJlJ  J  iykiillilllililiJillirlilillkii  tiili;  l:uliiiiilUllili.LbilLiluLitli!u  JLii  J]  iilfeniiliilibiiiliiilJil.il 


LAND  &  WATER  -  Noon  (Wavelength  =  9.0  -  11.4  uni) 
Temperature  Threshold  =  Mean  +  3.79  a 
Mean  =  277.47  Kelvin 
Std.  Dev.  =  o  =  1.70  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 
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Area:  LAND  &  WATER  -  Sunset  (Wavelength  =  4.5  -  5.5  pm) 
Temperature  Threshold  =  Mean  +  2.00  o 
Mean  =  275.25  Kelvin 
Std.  Dev.  =  o  =  0.26  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 
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TO 

4.0 
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23? 

Til 

32B 

9 
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Area:  LAND  &  WATER  -  Sunset  (Wavelength  =  4.5  -  5.5  ym) 
Temperaturp  Threshold  =  Mean  +  3.50  o 
Maan  =  275.25  Kelvin 
Std.  Dev.  =  a  =  0.26  Kelvin 

EQUIVALENT  El  LIPTICAL  P REAS 
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LAND  &  WATER  -  SUNSET 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


V 


I. 


BV  AWE* 

'SQUARE  METERS  ERE QUENC Y 


yfe 

;  8.0 

TO 

10.0 

3 

w 

/  l  f .  0 

TO 

15.0 

s 

15.0 

TO 

?0.0 

s 

20.0 

TO 

25 .  0 
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25.0 

TO 
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0 

il 
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TO 

35,0 
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s- 

35.0 
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00 .0 
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1 

St 
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Tn 
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0 
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TO 
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0 

| 
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TO 
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0 
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0 

ISO  .0 
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0 
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TO 

?so.o 

0 
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TO 
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0 
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to 
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0 
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900  .  0 

TO 
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0 
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0 

Threshold  =  Mean  +  3.50  o 
Wavelength  =  4.5  -  5.5  ym 
Mean  -•  275.25  Kelvin 
o  =  0.26  Kelvin 
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M  E  t  A I  URf  8  MTH  AREAS  LESS  THAN  *,00  SB.  METERS  Wf.RE  ALSO  RtCOr.NIZFO 


I 
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I 

pi 

A 

I 
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* 
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V- 
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r 

t- 
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HV  PERIMETER 


HT  SHAPE 


METERS 


FEET  FREQUENCY 


SHAPE  factor  frequency 


0 

TO 

7 

0 

TO 

22 

0 

7 

TO 

10 

22 

TO 

32 

0 

to 

TO 

12 

32 

Tn 
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12 

TO 

1« 

JO 

TO 

05 

1 

19 

TO 

16 

05 

TO 

52 
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1  6 

TO 
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52 

TD 

55 

3 
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TO 

20 
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TO 

65 

5 
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TO 
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65 

TO 

72 

1 

22 

TO 
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7? 

TO 

78 

0 

20 

T  0 

26 

76 

TO 

85 

0 

26 

TO 
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0 

20 

TO 

30 

9| 

TO 

98 

1 

30 

TO 

32 
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TO 

100 

0 

32 

TO 

IV 
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TO 
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1 

30 

TO 

05 
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TO 

1«7 

1 

OS 

TO 

ss 
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TO 
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0 

55 

TO 

71 

1  HO 

TO 

232 

0 
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TO 
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TO 
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0 

ovt  R 
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0 

0.0 

TO 
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0 

H 

1.0 

TO 
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0 
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TO 
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“ 
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5 

1.3 

TO 

1.0 

1 

1.0 

TO 
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0 
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TO 
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2 
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TO 
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1 
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TO 
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0 
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TU 
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3 
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TO 

2.0 

0 
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TO 

2.0 

1 
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TO 
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0 
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0 
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TO 
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0 

_ 
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TO 
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0 

1 
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TU 

0.0 

0 
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TO 
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0 
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0 

3.  5-26  i 


P  123 


P  323 


P  523 


Area:  LAND  &  WATER  -  Sunset  (Wavelength  =  9.0  -  11.4  pm) 
Temperature  Threshold  =  Mean  +  1.76  o 
Mean  =  275.12  Kelvin 
Std.  Dev.  =  a  -  0.43  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 
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LAND  &  WATER  -  SUNSET 

DISTRIBUTION  OE  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  ARF* 


SQUARE  METERS 


FREQUENCY 


i 
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TO 
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21 
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TU 
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27 

w 
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TO 
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22 

K: 
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TO 
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A 
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TO 
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6 
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TO 
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7 
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TO 
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TO 
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1 
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TO 
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% 

50.0 

TO 
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9 

* 
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TO 
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10 

: 
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5 
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TO 
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0 

•a 
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TO 
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2 

w 

25  0.0 

TO 
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2 
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TO 
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0 
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TO 
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1 

=  -:  ^ _ 

Oyer 
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3 

Threshold  =  Mean  +  1.76  a 
Wavelength  =  9.0  -  11.4  imi 
Mean  =  275.12  Kelvin 
o  =  0.43  Kelvin 


TOTAL  NUMBER  OF  FLL1FTICAL  AREAS  -  120 

198  'tAIUKES  WITH  areas  less  THAN  6,00  3(1,  METERS  WERE  ALSO  RECOOnIZEO 


BY  PERIMETER 


METERS 


FREQUENCY 


BY  smapf 

SHAPE  FACTOR  FREQUENCY 


ft 

0 

TU 

7 

0 

To 

22 

0 

0.0 

TO 

1.0 

0 

P 

7 

TO 

10 

22 

TO 

32 

0 

1.0 

TO 
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0 

& 

*: 

10 

TO 

12 

32 

TO 

39 

0 

1.1 

TU 

1.2 

1 

12 

TO 

14 

3R 

TO 

45 

8 
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TO 

1.3 

10 

| 

14 

TO 

i  6 
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TO 

52 

0 
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TO 
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9 

- 

16 

TO 

1  7 
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TO 

55 
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1.0 

TO 

1.5 
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TO 

20 
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65 
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1.6 

23 
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22 
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TO 

72 
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TU 
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15 
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TO 
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TO 
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0 
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TO 
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24 
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26 
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TO 

85 
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1 

•o 

1.9 
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TO 

26 

65 

TO 

91 

3 
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70 

2.0 

6 

| 

26 

TO 

10 

91 
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98 

1 

2.0 

TO 
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15 

*- 

30 

TO 

32 
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TO 
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0 
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TO 

2.6 

5 

£: 

32 

TO 

39 
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TO 
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20 

2.6 

TO 
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6 
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TO 

45 
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to 
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4 
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TO 

3.0 

1 
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TO 

55 
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6 

3.0 
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1 

55 

TO 

71 
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TO 
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6 
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TO 

4.0 

1 

71 

TO 
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TO 
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1 
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LAND  &  WATER  -  Sunset  (Wavelength  =  9.0  -  11.4  ym) 
Temperature  Threshold  =  Mean  +  3.00  a 
Mean  =  275.12  Kelvin 
Std.  Dev.  =  a  =  0.43  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 
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DISTRIBUTION  OF 
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W 
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Threshold  =  Mean  +  3.00  a 

* 
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Wavelength  =  9.0  -  11.5  urn 

■■ 

Mean  =  275.12  Kelvin 
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LAND  &  WATER  -  Midnight  (Wavelength  =  4.5  -  5.5  urn) 
Temperature  Threshold  =  Mean  +  3.00  o 
Mean  =  274.96  Kelvin 
Std.  Dev.  =  a  =  0.07  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 
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LAND  &  WATER  -  MIDNIGHT 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


ev  arfa 


SQUARE 

METERS 

f  REQUENCY 

a.o 

TO 

10,0 

9 

10.0 

70 

15.0 

11 

15.0 

TO 

20.0 

1? 

20.0 

TO 

25,0 

8 

25 . 0 

TO 

30 . 0 

2 

JO  ,  0 

TO 

35.0 

2 

35.0 

TO 

or,  .o 

2 

oo.n 

TfJ 

05.0 

0 

os.n 

TO 

50.0 

2 

so.o 

TfJ 

75.0 

5 

7S.0 

TO 

100.0 

o 

t  00 . 0 

TO 
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2 
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TO 
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2 
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TO 
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0 
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TO 
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0 
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1 
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0 
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1 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  6  3 

238  FEATURES  WITH  AREAS  LESS  THAN  8. 


Threshold  =  Mean  +  3.00  a 
Wavelength  =  4.5  -  5.5  pm 
Mean  =  274.96  Kelvin 
o  -  0.07  Kelvin 


SR.  METFRS  WERE  ALSO  RECOGNIZED 


BY  PERIMETER  HY  SHAPF 


METERS 

ETET 

FRFHIIENCY 

SHAPE 

factor 

FREQUENCY 

0  TO 

7 

0 

Tn 

22 

0 

O.o 

TO 

1.0 

0 

7  Til 

1  0 

22 

TO 

32 

0 

1  .0 
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1  .1 

0 

10  TO 

12 
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TO 

39 

0 
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TO 
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0 
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J9 

TO 

05 

0 
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TO 
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0 
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05 

TO 

52 

0 
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TO 

1  .0 

3 

16  TO 

1  7 

5? 

TO 

55 

3 

1  .0 

TO 
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1 

1  7  TO 

20 

55 

TO 

65 

1  0 
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TO 
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5 

20  TO 

22 

61 

To 

7? 

0 

1.6 

TO 

1.7 

5 

22  TO 

20 

72 

Til 

78 

0 

1.7 

TO 

1  .8 

7 
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26 

78 

TO 

85 

5 
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TO 
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3 
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25 

05 

TO 

91 

3 
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TU 
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1 
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30 
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98 

3 
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2.0 
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32 
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5 
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39 
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TO 
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7 
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TO 
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1 
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05 
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3 
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3 
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55 
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TO 

180 

9 

3.0 
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b 
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71 
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5 
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2 
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0 
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TU 
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0 
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7 
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3 
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Area:  LAND  &  WATER  -  Midnight  (Wavelength  =  4.5  -  5.5  ym) 
Temperature  Thr  shold  =  Mean  +  4.87  o 
Mean  =  274.96  Kelvin 
Std.  Dev.  =  a  =  0.07  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 
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LAND  &  WATER  -  MIDNIGHT 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  ARF  A 

SQUARE  METERS  FREQUENCY 


8.0 

T(1 

10.0 

1 

10.0 

TO 

1S.0 

5 

15.0 

TU 

20.0 

? 
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TO 

2S.0 

I 

2S.0 

TO 
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0 
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TO 

35,0 

0 
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1 
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0 
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TO 
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0 
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1 
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0 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  «  l  1 


Threshold  =  Mean  +  4.87  a 
Wavelength  =  4.5  -  5.5  ym 
Mean  =  274.96  Kelvin 
o  =  0.07  Kelvin 


S3  FEATURES  with  AREAS  LESS  Than  A, (SO  90.  METERS  WERE  Ai.30  RECOGNIZED 


by  perimeter 

BY  SHAPF 
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0 
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10 
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32 

0 

1.0 

TO 
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0 

1 
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12 
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39 

0 
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TO 
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0 

-j 
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1« 
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1.3 
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;s 
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16 
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52 

0 
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1 
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2 
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20 
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0 
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22 
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72 

2 

1.6 

TO 

1  .7 

1 

22  TO 

25 
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a 
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28 
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l 
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39 
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i 
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as 
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0 

4 
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i 
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2 
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1750  ft 


LAND  &  WATER  -  Midnight  (Wavelength  =  9.0  -  11.4  ym) 
Temperature  Threshold  =  Mean  +  3.00  a 
Mean  =  274.74  Kelvin 
Std.  Dev.  =  a  =  0.11  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS 
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LAND  &  WATER  -  MIDNIGHT 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


RY  *«E* 


SUUARt  METERS 


6.0  TO 

l n  ,o  to 

15.0  T  0 
20.0  TO 
25.0  TO 

2 o , o  to 
j*»,o  T o 

4 0  ,  0  TO 
"S.n  TC 
5 n  ,  n  TO 
7b.  0  TO 
10  0.0  TO 
1'jO.O  TO 
200.0  TO 
25n,n  K.i 
100. 0  TO 
"  (I  0.0  TO 
OVFK 


10.0 
1S.0 
20.0 
25.0 
10. 0 
35.0 
"0.0 
"5.0 
50.0 
75.0 
10  0.0 
150.0 
200.0 
25(1.0 
500. 0 
"oo.o 

•300,0 

500,0 


frequency 


Threshold  =  Mean  +  3.0G  a 
Wavelength  =  9.0  ••  11.4  jmi 
Mean  =  274.74  Kelvin 
o  =  0.11  Kelvin 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  «  "  1 

99  FEATURES  WITH  AWFAS  LESS  THAN  B.-O  SO. 


METERS  were  also  recognized 


meters 

0  TO 
7  in 
10  TO 
12  TO 

1  "  TO 

16  Til 

17  Til 
20  TO 
22  TO 

?«  in 
26  tn 

2  6  Tl) 
30  HI 
32  TO 
39  TO 
"S  10 
55  TO 
71  TO 

UVtH 


HY  PERIMETER 


0  Tl) 
2?  Tl) 
32  Tn 
39  TO 
"5  TO 
52  Til 
55  TO 
65  TO 
I ?  TO 
7  R  TO 
65  TO 
91  TO 
96  TO 
10"  70 
127  TO 
JU7  Tl) 
160  Til 
23?  Tl) 
OVE  R 


EHFQUENCY 


BY  SHAPE 

shape  factor  frequency 

0,0  TO  1.0  0 

1.0  TO  1.1  0 

1.1  TO  1.2  1 

1  ,2  TO  1.3  1 

1.3  TO  1.4  1 

1  .4  TO  1  .5 

1.5  TO  1.6 

1.6  TO  1.7 

1  .7  Tl)  1.6 

1 .«  TO  1 .9 

1.9  TO  2.0 

2.0  TO  2.4 

?.U  TO  2.6 

2.6  TO  2.6 

2.6  TO  3.0 

3.0  TO  3.5 

3.5  TO  ".0 

9.0  TO  4.5  0 

OVER  4.5  " 


•Tw  \ 


3.5-273 


fON  O  M  •£  *U  ^6;  VJ  W 


}7rim 


LAND  &  WATER  -  MIDNIGHT 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 
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POWER  SPECTRA  -  MICHIGAN  WINTER  SCENE:  SUNSET  -  (ANGLE:  90  OEG. )  -  CROSS-TRACK 


Power  Spectral  Density  is  (°K)Vcyc1 e/meter  for  4.5  to 


POWER  SPECTRA  -  MICHIGAN  WINTER  SCENE:  SUNSET  -  (ANGLE:  35  DEG.)  -  CROSS-TRACK 
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MILL  CREEK,  OKLAHOMA 


Pertinent  Scene  and  Flight  Information 
(Date  of  Flight:  30  June  1972) 


A 

For  specific  discussions  of  these  and  associated  data  for  this  scenery 
refer  to  Reference  1  . 


AERIAL  PHOTOGRAPH  -  MILL  CREEK 
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link  scan  images  produced  from  the  various  infrared  channels  of  mill  creek 
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4850  ft  -- 


GREYMAP  OF  MILL  CRFFK 


(Note:  Line  range  of  analyzed  scene  was  1-330;  not  completely 
shown  here.) 
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MILL  CREEK,  OKLAHOMA 


/r 

Histograms 


Spectral  Bands: 


1.0  -  1,4  pm 
1.5  -  1.8  pm 
2.0  -  2.6  pin 
9.3  -  11.7  pm 


A 

Circles  define  a  OaiiHKJan  curve  wlLli  the  same  mean  and  standard 
deviation  an  the  actual  histogram.  An  MS"  on  Home  ettrven  Indicates 
natural  Ion.  Hecuuse  of  limits  on  gala  net. lings  some  vulmm  may  exist 
beyond  Hie  digital  limits  of  0  and  255,  the  digital  dynamic:  range  of 
the  data  processing. 


Area:  MILL  CREEK  Wavelength  =  2.0  -  2.6  i/m 

Mean  =  4.13 
Std.  Dev.  =  2.91 
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MILL  CREEK,  OKLAHOMA 


Means  and  Ltandard  Deviations  for  Spectral  Bands 

•k 

Correlations  Between  Spectral  Bands 

-2  -1  -1 

Spectral  Bands:  Channel  2:  1.0  -  1.4  pm  (pW-cm  -sr  -pm  ) 


Channel  3 
Channel  4 
Channel  5 


-2  -1  -1 

1.3  -  1.8  pm  (pW-cm  -sr  -pm  ) 

-2  -]  -1 

2.0  -  2.6  pm  (pW-cm  -sr  -pm  ) 

9.3  -  11.7  pm  (°K) 


Because  of  the  relatively  small  temperature  changes  in  the  scenery, 
there  is  a  nearly  linear  relationship  between  the  temperature  and  radiance 
statistics  for  the  thermal  channels.  It  is  pertinent,  therefore,  to  compete 
correlations  between  radiance  and  temperature  channels. 
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MILL  CREEK 


Number  of  Subregions  =  I 
Pixel  Subarea  Divisions  at : 
Line  Subarea  Divisions  at: 
Line  Increment  Used  =  1 
Pixel  Increment  Used  =  1 
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MILL  CREEK,  OKLAHOMA 
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Ellipsc  Statistics 
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'  S  v 


Spectral  Bands:  1.0  -  1.4  pm 
9.3  -  11.7  pm 
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Area:  MILL  CREEK  (Wavelength  =1.0-1 
Radiance  Threshold  =  Mean  +  2.50  a 
Mean  =  112.20  pW-cm"2-sr”^ -iJin'1 
Std.  Dev.  =  o  =  62.27  wW-cm’2-sr  ^ -m 
EQUIVALENT  ELLIPTICAL  AREAL 
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DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 
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MILL  CREEK,  OKLAHOMA 


Power  Spectra 


1.0  -  1.4  pm 
1.5  -  1.8  urn 
2.0  -  2.6  pm 
9.3  -  11.7  pm 


Spectral  Bands: 


soectral  density  is  (yW-cm  -sr'  -urn"  )  Vcycle/rneter  for  1.0 
,  2.6  Mn  bands,  and  [  ‘K^/cycl e/meter  fo'-  9.3  to  11.7  urn  band 


MONO  LAKE,  CALIFORNIA 


Fertinent  Scene  and  Flight  Information 
(Date  of  Flight:  23  September  1968) 


For  specific  discuf’sj 
re  I  or  to  Reference  1. 


these  and  associated  data  for  this  scenery, 


3.7-1 


. . . . . . . . ujiilitlin..  I.  .  . hijajjjj. 


MONO  LAKE  Data 


Wavelength  Bands: 

1.0-1. 4  pm,  2. 0-2.6  pm,  4. 5-5.5  pm,  8.0-13.5  pm 
IFOV :  3.5  mrad  (cross-track);  6.6  mrad  (in-track) 

Altitude :  4000  ft  Depression  Angle:  90° 

Time:  1000  hrs  Flight  Direction:  South 

Ground  Speed:  m200  ft-sec  ^ 

Area  Covered  (Approx,):  3100  ft  wide  x  6750  ft  long 
Meteorology:  Visibility  >  15  mi;  clear  and  bright;  dry 
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RADIANCE 


Area:  MONO  LAKE 


TEMPERATURE  IN  KELVIN 


RADIANCE  IN  uU- 


MONO  LAKE,  CALIFORNIA 


Means  and  Standard  Deviations  for  Spectral  Hands 
Correlationa  Between  Spectral  Banda 

-2  -1  -J 

Spectral  Bands:  Channel  2:  1.0  -  1.4  pm  (nW-cm  -or  -pm  ) 

-2  -I  -1 

Channel  4:  2.0  -  2.6  inn  (pW-cm  -ar  -pm  3 

Channel  5:  4.5  -  5.5  pni  (°K) 

Channel  20:  8.0  -  13.5  pm  (*K) 


The  Mono  Lake  data  were  collected  with  on  M-5  manner  with  thermal 
calibration  plates  in  part  of  the  scanner  ficld-of-view.  The  8, 0-13. 5  mu 
detector  and  the  1.0-1. 4,  2. 0-2, 6,  4. 5-5. 5  |im  detcctoru  were  on  upponlle 
enda  of  the  acanner  and  are  not  in  spatial  rep, I  at  rat  Ion.  hence,  upeclial 
correlation  coefficients  were  not  determined  between  the  B.O-13.5  pin  dal  a 
and  the  1,0-1. 4,  2. 0-2. 6,  and  4.5-5. 5  pm  data. 
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MONO  LAKE,  CALIFORNIA 

Ellipse  Statistics 

Spectral  Band:  4.5  -  5.5  urn 
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MONO  LAKE 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 

by  are*  Threshold  =  Mean  +  0.63  a 

sauAHe  meters  frequency  Wavelength  =  4.5  -  5.5  urn 
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MONO  LAKE 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


area  Threshold  -  Mean  +  1.63  o 

square  HEifRs  frequency  Wavelength  =  4.6  -  5.5  pm 

Mean  -  285.52  Kelvin 

eo.o  to  ioo.o  o 

lon.o  to  iso.o  i  o  =  1  .34  Kelvin 
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FREQUENCY 


by  shape 

shape  factor  FREQUENCY 
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MONO  LAKE,  CALIFORNIA 

Power  Spectra 

Spectral  Band:  4.5  -  5.5  pm 
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HjUjmii#1' 


2£RIM 


Mountainous  Terrain 


Wavelength  Bands: 


f 

NEVB :  3. 5-3. 9 
NEVF :  3. 5-3. 9 
NEVG1 :  2. 0-2. 6 
NEVI:  2. 0-2. 6 
NEVM:  3. 5-3.9 
NEVN :  2. 0-2. 6 

pin 

]im 

pm,  3. 0-4. 2 
pm,  3. 0-4. 2 

pm 

pm,  3. 0-4. 2 

lim,  A. 5-5. 5  pm,  9 
pm,  4.5-5. 5  pm 

pm,  4. 5-5. 5  pm,  9 

IFOV :  2.5  mrad 

Altitude ; 

Depression  Angle: 

/,  . 

NEVB(F, I ,M,N) 
1000  ft 

NEVB(F,1,M,N) 

35” 

NEVG1 

1750  ft 

NEVG1 

90° 

> 

Time  : 

Flight  Direction: 

NEV01 :  0930  hrs 

NEVF(M,N) :  1100  hrs 

NEVB(F , 1 ,M,N) 
NEVGl:  West 

NEVB(I):  1500  hrs 

Ground  Speed :  200  ft-sec  ^ 

Area  Covered  (Approx,):  1750  Jt  wide  x  6750  ft  long 

Meteorology : 

(2-25-78,  AM)  -  NEVE (01) 

High,  thin  scattered  clouds;  visibility  -  15  mi. 
(2-25-78,  PM)  -  NEVB(l) 

Scattered  cloud  a;  light  haze ;  visibility  “  35  mi 
(2-26-78,  AM)  -  NEVM(N) 

High  overcast;  light  haze;  visibility  -  15  mi. 


•J .  8  2 


Desert  Terrain 


Wavelength  Bands: 


NEVC1 :  3. 5-3. 9  pm 

NEVH1 :  2. 0-2. 6  pm,  3.0-4. 2  pm,  4. 5-5. 5  pm,  9.0-11.4  pm 

NEVI. :  3. 5-3. 9  pm 

IFOV :  2.5  mrad 


Altitude:  1000  ft 


Time : 


NEVCl(Hl):  1100  hrs 

NEVL:  1600  hrs 

Ground  Speed :  200  ft-sec 


Depression  Angle:  35 ‘ 


Flight  Direction: 


NEVC1:  West 
NEVHl(L):  East 


w  i 


Area  Covered  (Approx.): 

NEVC1  (Desert):  1750  ft  wide  x  3400  ft  long 

NEVHl(h)  (Desert):  1750  it  wide  x  3400  ft  long 

(Dry  hake):  1750  ft  wide  x  3400  ft  long 

Meteorology : 

NEVCl(H') 

High,  thin  scattered  clouds;  visibility  3  15  mi. 

NEVL 

Complete  cloud  cover;  light  haze;  visibility  “  35  ml 
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MOUNTAIN  NJSliLUi  AYU  IMMiKHY 


2750  ft 


2pl 


NELLIS  AFB ,  NEVADA 


k 

Histograms 


Spectral  Bands: 


2.0  - 

2.6  pm 

3.0  - 

4 . 2  pm 

3.5  - 

3.9  pm 

4.5  - 

5.5  pm 

9.0  - 

11.4  pm 

il 

Circles  define  a  Gaussian  curve  with  the  same  mean  and  standard 
deviation  as  the  actual  histogram.  An  "3"  on  some  curves  indicates 
saturation.  Because  of  limits  on  gain  settings  some  values  may  exist 
beyond  the  digital  limits  of  0  and  255,  the  digital  dynamic  range  of 
the  daLu  processing. 


3.8-11 


F 


4- *2 


< 
►— « 
o 
<; 


CO  CM  00 
II  II  II 

-C  C  ’ 
4->  TO  > 

0)  <u 

C£Q 

0) 

a>  T3 


3.B-13 


miNTAINOJS  TERRAIN 


3.0-18 


MOCNTAINGUS  TERRAIN 


3.8-]y 


MOUNTAINOUS  TERRAIN 


>i  PO  (i/nuioi  JO  HOIiOUWd)  AlIliab80Hd 
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MOUNTAINOUS  TERRA  IK 


MOUNTAINOUS  TERRAIN 


Area:  NEVI  Wavelength  =  4.5  -  ' 
Mean  =  290.68 
Std.  Dev.  =  4.60 


Sid.  Dev. 


Area:  NEVC1 


3.8-32 


Area:  NVH1  Wavelength  =  3.0  -  4.2  um 
Mean  =  312.90 
Std.  Dev.  =  3.52 


RADIANCE  IN  yW- 


NELLIS  AFB,  NEVADA 

Means  and  Standard  Deviations  for  Spectral  Bands 

•k 

Correlations  Between  Spectral  Bands 

-2  -1  -1 

Spectral  Bands:  2.0  -  2.6  pm  (pW-cm  -sr  -pm  ) 
3.0  -  4.2  pm  (°K) 

3.5  -  3.9  pm  (°K) 

4.5  -  5.5  pm  (°K) 

9.0  -  11.4  pm  (°K) 


Because  of  the  relatively  small  temperature  changes  in  the  scenery, 
there  is  a  nearly  linear  relationship  between  the  temperature  and  radiance 
statistics  for  the  thermal  channels.  It  Is  pertinent,  therefore,  to  compute 
co i' rotations  between  radiance  and  tetnperal  ire  channels. 
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MOUNTAINOUS  TERRAIN 


I  i  - 

\  .  J 


NEVB 

Channel:  2  (3.5  ~  3.9  pm) 

Channel  2 


Mean 

2 . 9819E+02 

St. 

Dev. 

7 . 1665E+00 

Total  Points 

355600 

NEVF 

Correlation  Channels:  2 

6 

(3.5  -  3.9  pm) 

(9.0  -  11.4  pm) 

Correlation 

2 

6 

2 

1.000 

6 

0.880 

1 .000 

Channels 

2 

6 

Mean 

2.9676E+02  2.8708E+02 

Std .  Dev. 

9.94282+00  6.5334E+00 

Total  Points 

355600 

355600 

NEVG1 

Correlation  Channels:  1 

2 

5 

7 

(2.0  -  2.6  pm) 

(3.0  -  4.2  pm) 

(4.5  -  5.5  pm) 

(9.0  -  11.4  pm) 

Correlation 

1 

2  5  7 

1 

1 . 000 

2 

0,837 

1.000 

5 

0.793 

0.894  1.000 

7 

0.810 

0.899  0.983  1.01/0 

Channels 

1 

2  5 

Mean 

4 . 2120K+01  2 , 9112E+0'’  2.8373E+02 

St.  Dev. 
Total  Points 


2 . 3580E+01 
610400 


8.8900E+00  4  6/00E+00 


610400 

3.8-38 


610400 


2 . 8506E+02 
6. 3500K+00 
6  I  0400 


Vp _ 

MOUNTAINOUS  TERRAIN  (Cont’d) 
NEVI 

Correlation  Channels:  1  (2.0  —  2.1  pm) 

2  (3.0  -  4.2  pm) 

5  (4.5  -  5.5  pm) 

Correlation  125 

1  1.000 


2 

0.740 

1.000 

5 

0.612 

0.804  1.000 

Channels 

1 

2  5 

Mean 

5. 5750E+01 

3 . 00Q0E+O2  2. 9068E+02 

St.  Dev. 

2 . 3280E+01 

7 . 2800E+00  4 . 6000E+00 

Total  Points 

349600 

349600  349600 

NEVM 

Channel:  3  (3. 

5  -  3.9  pm) 

Channel 

3 

Mean 

2 . 8360E , 02 

St. 

Dev . 

3.8200E+02 

Total  Points 

349603 

NEVN 

Correlation 

Channels:  1  (2.0  -  2.6  pm) 

2  (3.0  -  4.2  pm) 

5  (4.5  -  5.5  pm) 

7  (9.0  -  11.4  pm) 

Correlation 

] 

2  5  7 

1 

1.000 

2 

0.255 

1.000 

5 

0.413 

0.539  1.000 

7 

0.  398 

0.565  0.910  1.000 

Channels 

1 

2  5  7 

Mean 

1 . 7  300K+01 

2 . 8568E+02  2.8332E+02  2 . 85 37K+02 

St.  Dev. 

5. 2800K+00 

3 . 6500E+00  1.5000E+00  2.2300E+00 

Total  Point 

t? 

349600 

349600  349600  349600 

3.8-39 


NEVC1 

- Correlation  Channels:  2  (3.5  -  3.9  ym) 

6  (9.0  -  11.4  ym) 

Correlation  2  6 

2  1.000 

6  0.335  1.000 

Channels  2  6 

Mean  3.0955E+02  2.9875E+02 

St.  Dev.  2 . 4900EP00  1.3500E+00 

Total  Points  176400  176400 

NEVH1 

Correlation  Channels:  1  (2.0  -  2.6  nm) 

2  (3.0  -  4.2  ym) 

5  (4.5  -  5.5  ym) 

7  (9.0  -  11.4  ym) 


Desert 


Cor i elation 

1 

2  5  7 

1 

U-i 

c 

o 

o 

2 

0.408 

1.000 

5 

0.015 

o 

O 

r— l 

CO 

CO 

1 — i 

o 

7 

-0.001 

0.102  0.584  1.000 

Channels 

1 

2  5 

7 

Mean 

7 . 3960E+01 

3 . 0745E+02  2.9502E+02 

2 . 9872E1 02 

St  .  Dev  - 

1. 1750K+01 

2 . 7 700E+00  0. 8700E+00 

1 . 21.00EP00 

ToLal  Points 

349600 

349600  349600 

349600 

3.8-40 


DESERT  (including  Dry  Lake)  (Cont 1 d ) 

NEVH1  (Coat'd) 

Dry  Lake 


Correlation 

1 

2 

5 

7 

f 

1 

1.000 

2 

0.737 

1.000 

? 

i 

* 

5 

-0.830 

-0.487 

1.000 

i 

7 

-0.935 

-0.690 

0.902 

1 . 000 

l 

Channels 

i 

2 

5 

Mean 
St.  Dev. 
Total  Points 


1. 4324E+02  3 . 12.90E+02  2.9016E+02  2.9194E+02 

2.2090E+01  3 . 5200E+00  0.9100E+00  1.5700E+00 

72400  72400  72400  72400 


NEVL 

Channel:  3  (3.5  -  3.9  ym) 
Desert 


Channel 
Mean 
St.  Dev. 
Total  Points 

Channel 
Mean 
St.  Dev. 
Total  Points 


2.9260E+02 
2 . 2100E+00 
136400 

Dry  Lake 
3 

2.8711E+02 
2 . 8900E+00 
72400 
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NELLIS  AFB,  NEVADA 


Ellipse  Statistics 


Spectral  Bands: 


2.0  -  2.6  )in 
3.0  -  4.2  pm 
4.5  -  5.5  pm 
9.0  -  11.4  pm 


3.8-43 


•PRECEDING  PAGE  BLANK— NOT  t 


23 


1750  ft 


■  3. 


NEVN 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 


SQUARE  MEIERS 


FREQUENCY 


8.0 

Tn 

10.0 
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TO 

15.0 
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15.0 

TO 

20.0 

141 

20.0 

TO 

25.0 

69 

25.0 

TO 

30,0 

26 
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TO 
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40 
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TO 
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4  0.0 

TO 
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38 
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TO 
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250.0 

TO 

300.0 
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TO 
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400.0 

TO 

SO  j  ,  0 

2 

OVER 

500.0 

12 

Threshold  =  Mean  +  1.50  o 

Wavelength  -  2.0  -  2.6  um 

-2  -1  -1 

Mean  =  17.30  uW-cm  -sr  -urn 
a  =  5.28  pW-cm“^-sr-^ 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  846 

32«8  FEATURES  WITH  AREAS  LESS  THAN  8.00  SQ,  METFRS  WERE  ALSO  RECOGNIZED 


BY  PERIMETER 


METtHS 


FREQUENCY 


BY  SHAPE 


shape  factor  frequency 
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NEVN 

DISTRIBUTION  Or  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 
by  area  Threshold  =  Mean  +  2.50 


SQUARE 

METERS 

FREQUENCY 

Wavelength  =  2.0  -  2.6  pm 

8.0 

TO 

10.0 

69 

-2  -1 

Mean  =  17.30  pW-cm  -sr  -pm 
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TU 
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TO 
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400.0 

TO 

500,0 

0 

OVER 

500,0 

0 

TOTAL  NUMBER  Of  ELLIPTICAL  AREAS  »  1°6 

1069  FEATURES  WITH  AREAS  LESS  THAN  6,00  80.  METERS  HERE  ALSO  RECOGNIZED 

BY  PERIMETER  BY  SHAPE 

HETER3  FECT  FREQUENCY  SHAPE  FACTOR  FREQUENCY 
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9 

2.0 

TO 

2.0 

6 

32 

TO 

39 

100 

TO 

127 

11 

2.6 

TU 

2.8 

3 

39 

TO 

as 

127 

TO 

107 

9 

2. 8 

TO 

3.0 

5 

95 

TO 

55 

107 

TO 

160 

S 

3.0 

W 

3.5 

2 

55 

TO 

71 

160 

TO 

232 

8 

3.5 

TU 

0.0 

1 

71 

TO 

100 

232 

TO 

328 

0 

0.0 

TO 

0.5 

0 

OVER 

100 

OVER 

326 

3 

OVEH 

0.5 

2 

3.8-47 
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Area:  NEVN  (Wavelength  =  4.5  -  5,5  um) 
Temperature  Thresho.d  =  Mean  +  1.50  o 
Mean  =  283.12  Kelvin 
Std.  Dev.  =  o  =  1.50  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  MOUNTAINS 


Terim 


NEVN 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AREA 


Threshold  =  Mean  +  1.50  a 


SQUARE  METERS 


FREQUENCY 


8.0 

TO 

10,0 

66 

10.0 

TO 

15.0 

50 

15.0 

TO 

20.0 

04 

20.0 

TO 

25.0 

25 

25.0 

TO 

30.0 

13 

30.0 

TO 

35.0 

13 

35,0 

TO 

«0, 0 

3 

40.0 

TO 

R5.0 

5 

45.0 

TO 

50.0 

8 

so.o 

TO 

75.0 

17 

75.0 

TO 

100.0 

1  1 

10  0.0 

TO 

150.0 

16 

150.0 

TO 

200.0 

7 

2  0  0.0 

TO 

250.0 

8 

250.0 

TO 

300,0 

1 

300.0 

TO 

400.0 

2 

000.0 

TO 

500.0 

5 

OVER 

500.0 

22 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  318 


Wavelength  -  4.5  -  5.5  pm 
Mean  =  283.12  Kelvin 
o  =  1.50  Kelvin 


SIR  FEATURES  WITH  ARFAS  LESS  THAN  8,00  SQ,  METERS  HERE 


ALSO  RtCOGNl ZED 


by  perimeter  by  shape 


METERS 

FEET 

FREQUENCY 

3HaPE 

FAC  TOR 

FREQUENCY 

0 

TO 

7 

0 

TO 

22 

0 

0 

.0 

TO 

1 

.0 

0 

7 

TCI 

10 

22 

TO 

32 

0 

1 

.0 

TO 

1 

.1 

0 

10 

TO 

12 

32 

TO 

39 

0 

1 

.1 

TO 

1 

.2 

7 

12 

TO 

1  4 

39 

TO 

45 

3 

1 

.2 

TO 

1 

.3 

3 

14 

TO 

16 

45 

TO 

52 

28 

1 

.3 

TO 

1 

.4 

32 

16 

TO 

17 

52 

TO 

55 

19 

1 

.0 

TO 

1 

.5 

4 

1  7 

TO 

20 

55 

TO 

65 

46 

1 

.5 

TU 

1 

.6 

55 

20 

TU 

22 

65 

TO 

72 

21 

1 

.6 

TO 

1 

.7 

8 

22 

TO 

24 

7? 

TO 

78 

12 

1 

.7 

TU 

1 

.8 

40 

24 

TO 

?b 

78 

TO 

85 

3 

1 

.8 

TO 

1 

.9 

12 

26 

TO 

2H 

85 

TO 

9! 

22 

1 

.9 

TO 

2 

.0 

21 

28 

TO 

30 

91 

TO 

9B 

1 1 

2 

.0 

TO 

2 

.4 

64 

30 

TO 

32 

48 

TO 

1  04 

9 

2 

.4 

TO 

2 

.6 

10 

32 

TO 

39 

104 

TO 

127 

24 

2 

.6 

TO 

2 

1 8 

6 

39 

TO 

45 

127 

TO 

147 

13 

2 

.8 

TO 

3 

.0 

4 

45 

TO 

55 

147 

TO 

180 

13 

3 

.0 

TU 

3 

.5 

19 

55 

TO 

71 

180 

TO 

232 

21 

3 

.5 

TO 

4 

.0 

9 

71 

TO 

100 

232 

TO 

328 

19 

4 

.0 

TO 

4 

.5 

9 

OVER 

100 

OVER 

328 

54 

OVER 

4 

.5 

15 

3.8-49 


Area:  NEVN  (Wavelength  =  4.5  -  5.5  gin) 
Temperature  Threstold  =  Mean  +  1 .80  a 
Mean  =  281.12  Kelvin 
Std.  Dev.  =  a  =  1,50  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  MOUNTAINS 


4 


>  [RIM 


NEVN 


DISTKIRUTjON  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY 

ARf  A 

Tores ho Id  =  Mean  +  1.80  o 

s 

"  "tr 

m& 

SQUARE 

teters 

f  R 

-QUENCY 

Wavelength  =  T.5  -  5.5  tint 

: 

r 

Mean  =  283.12  Kelvin 

ij. 

a.o 

TO 

10.0 

23 

0  =  i .50  Kelvin 

, 

io. n 

TO 

15.0 

13 

i 

1 

l  *= .  0 

TO 

20.0 

15 

'  I 

20.0 

TO 

2S.0 

10 

"•  ’ 

Sr. 

25.0 

TO 

30.0 

5 

i 

f” 

30.0 

TO 

35.0 

6 

t  , 

35.0 

TO 

00.0 

3 

.^z 

<10.0 

TO 

65.0 

fl 

<1=1.0 

TO 

50.0 

1 

li 

50.0 

TO 

75,0 

10 

1 

7  5.0 

TO 

100.0 

5 

t  0  0 . 0 

TO 

150,0 

4 

, 

15C.0 

TO 

200,0 

6 

t 

200.0 

TO 

250.0 

5 

1 

?50,o 

TO 

300. 0 

1 

300 .0 

TO 

«00.0 

5 

V 

I. 

aoo.o 

TO 

500.0 

3 

-f. 

* 

i&'=  -# 

OVER 

500,0 

5 

= 

1  ?v  . 

TUTAL  number  of 

hflT  SPOT 

s 

128 

l 

260  FEATURES 

W T  T M  AREAS 

LESS 

THAN  8. 

00  3Q,  METFRS  WERE  ALSU  RECOGNIZED 

6  Y  PFRIMETEB 


B Y  SHAPE 


meters 

FEET 

FREQUENCY 

3MApE 

E  ACTOR 

FREQUENCY 

0  TO 

7 

0 

TO 

22 

0 

0.0 

TO 

1.0 

0 

7  TO 

1  0 

2? 

TO 

32 

0 

)  .0 

TU 

1  .  1 

0 

10  TO 

12 

3? 

TO 

39 

0 

1.1 

TO 

1.2 

1 

12  TO 

1« 

39 

TO 

<15 

0 

1.2 

TO 

1.3 

0 

1<l  TO 

1  6 

dS 

TO 

52 

7 

1.3 

TU 

1  .9 

8 

16  TO 

1  7 

52 

TO 

55 

9 

1  .9 

TO 

1.5 

0 

17  TO 

2  0 

55 

TO 

65 

Id 

1 .5 

TO 

1 .6 

18 

20  TO 

22 

65 

tri 

72 

7 

l  .6 

TU 

1.7 

2 

22  TO 

28 

72 

TO 

78 

1 

1.7 

TO 

1.8 

16 

- 

20  TO 

26 

78 

TO 

85 

1 

1.8 

TO 

1  .9 

3 

2 

2b  TO 

23 

85 

TO 

91 

7 

1.9 

TO 

2.0 

5 

28  TO 

30 

61 

TO 

98 

<1 

2.0 

TO 

2.9 

2S 

~ 

30  TO 

32 

98 

TO 

inn 

<1 

2.9 

TU 

2.6 

3 

32  TO 

39 

1  0« 

TO 

127 

9 

2.6 

TO 

2.8 

7 

JR  TO 

"5 

127 

TO 

1  •'!  7 

8 

2.8 

TO 

3.0 

3 

*45  TO 

55 

1  <17 

TO 

1  30 

8 

3.0 

TO 

3.5 

6 

55  TO 

71 

180 

TO 

232 

8 

3.5 

TO 

8.0 

1  0 

71  TO 

100 

232 

TO 

328 

7 

9.8 

TO 

6.5 

9 

OVER 

100 

OVER 

328 

39 

OVER 

9.5 

1  7 

3.8-51 


NEVN 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


er  area 


SQUARE  REFERS 


FREfiUENC V 


f' 

6.0 

TO 

10,0 

63 

10,0 

TO 

15.0 

61 

i 

16,0 

TO 

20,0 

66 

•  S| 

20.0 

TO 

2S.0 

21 

L . 

25,0 

TO 

30.0 

7 

30,0 

TO 

35.0 

1 1 

35.0 

TO 

60.0 

1 

1  .. 

.  i 

60,0 

TO 

5.0 

Si 

65,0 

TO 

50,0 

6 

1 

C 

50,0 

TO 

76.0 

21 

FT 

75.0 

TO 

100.0 

1 1 

f- 

100,0 

TO 

150. 0 

1 1 

“ 

150,0 

TO 

20o ,  0 

8 

\ 

f 

200.0 

TO 

250,0 

0 

} 

250.0 

TO 

300.0 

1 

f  , 

t _ 

3oo ,  o 

TO 

600.0 

6 

£ 

600,0 

TO 

600,0 

2 

V 

6  i"1- 

OVER 

500.0 

20 

T:~ 

1 

TOTA1.  NUMBER  OF 

EU.IPTXCAL  AREAS  - 

286 

Threshold  =  Mean  +  1.00  a 
Wavelength  -  9.0  -  11.4  )jm 
Mean  =  285.37  Kelvin 
o  =  2.23  Kelvin 


JUR  FEATURES  kith  AREAS  U93  TnAN  8,00  S(J.  METERS  WERE  ALSO  RECOGNIZED 


METERS 


10  TO 
12  TO 
1 R  TO 

16  TO 

17  TO 
20  TO 
?2  TO 
<:r  to 
26  TO 
28  TO 
30  TO 
32  TO 
36  TO 
65  TO 
55  TO 
7 1  TO 


8T  PEI .METER 


0  TO 
22  TO 
32  TO 
36  TO 
65  TO 
5?  TO 
55  TO 
65  TO 
72  TO 
78  TO 
85  TO 
61  TO 
68  TO 
1  0  6  TO 
127  TO 
167  TO 
180  TO 
232  TO 
OVER 


FREQUENCY 


BY  SHAPE 

share  factor  frequency 


0 

0.0 

TO 

1.0 

1 

0 

1.0 

TO 

j.l 

0 

0 

1.1 

TO 

1.2 

13 

5 

1,2 

TO 

1.3 

2 

36 

1.3 

TO 

1.6 

67 

21 

)  .6 

TO 

1.5 

8 

35 

1.5 

TO 

1,6 

56 

20 

1.6 

TO 

1.7 

16 

17 

1.7 

TO 

1.8 

36 

m4- 

B 

1.8 

TO 

1.6 

12 

■j 

15 

1.6 

TO 

2.0 

23 

j 

10 

2.0 

TO 

2.6 

23 

8 

2,6 

TO 

2.6 

6 

1  6 

2.6 

TO 

2,8 

8 

10 

2.8 

TO 

3.0 

6 

15 

1.0 

TO 

3.5 

7 

16 

3,5 

TO 

6.0 

7 

15 

6.0 

TO 

6.5 

6 

36 

OVER 

6.5 

8 

3.8-53 


, . Mill 


Area:  NFVN  {Wavelength  =  9.0  -11.4  >im) 
Temperature  Threshold  =  Mean  +  2.50  o 
Mean  *  285.37  Kelvin 
Std .  Dev.  =  o  =  2.23  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  MOUNTAINS 


NEVN 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY 

AREA 

Threshold  =  Mean  +  2.50 

SQUARE 

METERS 

FREQUENCY 

Wavelength  =  9.0  -  11.4 

Mean  =  285.37  Kelvin 

6 , 0 

TO 

10,0 

7 

10. 0 

TO 

15.0 

3 

o  =  2.23  Kelvin 

1  S .  n 

TO 

?n .  o 

2 

20,0 

TO 

25.0 

2 

23,0 

TO 

30,0 

0 

30.0 

TO 

35.0 

3 

33.0 

TO 

00.0 

0 

u  o ,  0 

K) 

05.0 

3 

RS.O 

TO 

50.0 

1 

30.0 

TO 

75.0 

2 

75.0 

TO 

100.0 

t 

1  0  0 . 0 

TO 

150.0 

2 

1  50,0 

TO 

200.0 

t) 

200,0 

TO 

230,0 

3 

250. 0 

TO 

300,0 

0 

300,0 

TO 

UOO.G 

2 

900,0 

TO 

300.0 

0 

•  OVER 

500.0 

l 

TOTAL  NUMttKK  Of  FXLIPTICAL  ARFAS  -  J2 

36  FEATURES  WITH  AHFAS  (.  E  .6  3  THAN  5,00  30,  METERS  WERE  ALSO  RECUGNlZEO 


BY  PERIMETER  BY  SHAPE 


METERS 

EEET 

FRF  OUt NC  Y 

shape 

f ACTOR 

FREQUENCY 

0 

TO 

7 

0 

TO 

22 

0 

0,0 

TO 

1  .0 

0 

7 

TO 

10 

2? 

TO 

32 

0 

1.0 

TO 

1  . 1 

0 

1  0 

TO 

12 

3? 

TO 

36 

0 

1 . 1 

TO 

1  .2 

l 

1  2 

n 

10 

30 

TO 

0  5 

(1 

1.2 

TU 

1.3 

0 

1  u 

ni 

l  h 

RS 

TO 

52 

0 

1.3 

TO 

1  .« 

3 

1  6 

TO 

1  7 

32 

TO 

55 

0 

1  .0 

TU 

1  .5 

0 

1  7 

TO 

20 

55 

TO 

65 

0 

1  .5 

10 

1  .6 

7 

;.-o 

TO 

22 

65 

TO 

72 

2 

1,6 

TO 

1.7 

2 

22 

TO 

?u 

7? 

TO 

76 

2 

1.7 

Tl) 

1 .« 

1 

?« 

TO 

26 

7  0 

TO 

65 

0 

1  ,S 

TO 

1  .9 

1 

26 

Tn 

20 

05 

TO 

61 

0 

1  .9 

TO 

2.0 

2 

2  fl 

TO 

30 

61 

TO 

66 

1 

2.0 

TO 

?.« 

R 

30 

TO 

32 

60 

10 

1  OR 

I 

2.0 

TO 

2.6 

0 

32 

TO 

36 

1  0" 

TO 

1?7 

l 

2.6 

TO 

2.8 

1 

39 

TO 

R3 

127 

TO 

107 

1 

2.0 

TO 

1.0 

2 

R5 

TO 

55 

1«7 

TO 

160 

5 

3.0 

TO 

3.5 

3 

55 

TU 

71 

1  60 

TO 

232 

2 

3.5 

TO 

9.0 

1 

71 

TO 

100 

23? 

TO 

3?H 

2 

R.O 

TO 

9.5 

0 

OVER 

100 

OVFR 

128 

7 

OVER 

6,5 

0 

3.8-55 


1750  ft 


Area:  NVH1  (Wavelength  =  3,0  -  4.2  ym) 
Temperature  Threshold  =  Mean  +  2.00  a 
Mean  =  307,45  Kelvin 
Std.  Dtv.  =  o  -  2.77  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  DESERT 


3.8-56 


i 

t 


i  I 


2pL 


i.  .? 


4 
• . 


NVH1  (Desert) 

DISTRIBUTION  OF  LLLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


-----  .  .  -sa 

fe- 

BY 

AREA 

Threshold  =  Mean  +  2.00  a  _ 3j 

w 

W- 

SQUARE 

METERS 

FREQUENCY 

Wavelength  =  3.0  -  4.2  yir  | 

?; 

Mean  =  307.45  Kelvin  i 

6,0 

TO 

10.0 

17b 

w 

ft 

JO.O 

TO 

15,0 

88 

o  =  2.77  Kelvin  | 

r 

15,0 

TO 

20.0 

84 

-  ,  HI 

9 

20.  U 

TO 

25,0 

31 

¥ 

25.0 

TO 

so.o 

18 

--  -  - --  -  -  -  — 

}  ST 

30.0 

TO 

35.0 

10 

ij 

1 

35.0 

TO 

40.0 

10 

j 

f|r 

40.0 

TO 

45.0 

4 

:1 

ft 

45.0 

TO 

50.0 

5 

.  jii 

te 

50.0 

TO 

75.0 

14 

■i 

•K 

75.0 

TO 

100,0 

6 

■  -I 

% 

100,0 

TO 

150.0 

6 

■l 

, 

| 

150.0 

TO 

200.0 

2 

J 

200.0 

TO 

25  0.0 

0 

■; 

f, 

250,0 

TO 

300,0 

0 

300. « 

TO 

400.0 

0 

4 

V 

400.0 

TO 

500.0 

0 

-M 

** 

/ 

=» 

ft  i,-» 

OVER 

500.0 

0 

(Note:  Noise  spikes  removed  iron 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS 


450 


im  FEATURES  WllH  AREAS  LESS  THAN  8.00  90,  METERS  WERE  ALSO  RECOGNIZED 


METERS 


BY  PERIMETER 
FEET 


FREQUENCY 


by  shape 

SHAPE  factor  FhEQUENCV 


0  TO 

7 

0 

TO 

22 

1 

0.0 

TO 

1.0 

1 

j 

7  TO 

10 

2? 

TO 

32 

0 

1.0 

TO 

1.1 

0 

•4 

10  TO 

12 

12 

TO 

39 

0 

1.1 

TO 

1.2 

76 

12  TO 

14 

39 

TC 

45 

66 

1  .2 

TO 

1.3 

58 

14  TO 

lb 

45 

TO 

52 

98 

1.3 

TO 

1.4 

97 

16  TO 

17 

52 

TO 

55 

16 

l.« 

TO 

1  .5 

19 

17  Tn 

20 

55 

TO 

65 

91 

1.5 

TO 

1  .6 

58 

20  TO 

22 

65 

T(l 

72 

32 

1.6 

TO 

1.7 

22 

22  TO 

24 

72 

TO 

78 

1  1 

1.7 

TO 

1.8 

33 

24  TO 

2b 

7« 

TCI 

85 

25 

1  .« 

TO 

1.9 

6 

26  TO 

28 

65 

TO 

91 

12 

1.9 

TO 

2.0 

22 

28  TO 

30 

91 

TO 

96 

19 

2.0 

TO 

2.4 

39 

10  TO 

12 

9ft 

TO 

1  0« 

6 

2. « 

TO 

2.6 

12 

32  TO 

39 

104 

TO 

127 

21 

2.6 

TO 

2.8 

8 

* 

3V  TO 

45 

127 

TO 

147 

11 

2.6 

TO 

3.0 

1 

45  TO 

55 

147 

TO 

180 

15 

3.n 

TO 

3,5 

5 

55  TO 

71 

180 

TO 

232 

14 

3.5 

TO 

4.0 

1 

71  TO 

100 

232 

TO 

3?b 

11 

4.0 

TO 

4.5 

1 

ovlr 

100 

OVER 

328 

6 

OVER 

4,5 

0 

3.8-57 


1 750  ft 


•  • 

• 

*  » 

• 

% 

% 

• 

0  ; 

• 

• 

4  « 

* 

*  .  . 

(Note : 

:  Noise  spikes  reuovcd) 

♦ 

Area:  NVH1  (Wavelength  =  3.0  -  4.2  yin) 
Temperature  Threshold  =  Mean  +  2.50  o 
Mean  =  307.45  Kelvin 
Std.  Dev.  =o  =  2.77  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  DESERT 


3.8-58 


2700  ft 


t  2p 


i 

i 


i 

l 

i 


2 


NVH1  (Desert) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY 

AREA 

Threshold  -  Mean  +  2.50  o 

. 

SQUARE 

METERS 

Frequency 

Wavelength  -  3.0  -  4.2  pm 

Mean  =  307.45  Kelvin 

8.0 

TO 

10.0 

46 

a  =  2.77  Kelvin 

j 

10.0 

TO 

15.0 

25 

1S.0 

TO 

20.0 

16 

20.0 

TO 

25,0 

1  0 

_ j 

25.0 

TO 

30.0 

2 

.  -~ss 

30.0 

TO 

35.0 

2 

| 

3S.0 

TO 

an.o 

0 

; 

40 .0 

TO 

05,0 

1 

-  — 

aS.O 

TO 

50.0 

1 

•■J 

50.0 

TO 

75.0 

1 

. 

75.0 

TO 

100 . 0 

0 

100,0 

TO 

150,0 

0 

. 

150.0 

TO 

200 , 0 

0 

: 

200 . 0 

TO 

250.0 

0 

=J 

250.0 

TO 

300.0 

0 

300.0 

TO 

uno .  0 

0 

J 

a  00.0 

TO 

500.0 

0 

s 

over 

500.0 

0 

(Note:  Noise  spikes  removed  from 

i 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS 
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preceding  picture.) 


709  FEATURES  WITH  AREAS  LE9S  THAN  8.00  SO.  METERS  WERE  ALSO  RECOGNIZED 


6V  PERIMETER 


BY  SHAPF 


3.8-59 


METERS 

F 

EtT 

frequency 

SHAPE 

factor 

frequency 

1 

5 

o  t  n 

7 

0 

TO 

22 

0 

0 , 0 

TO 

1.0 

0 

4 

7  in 

10 

22 

TO 

3? 

0 

1.0 

rn 

1.1 

0 

1 

10  TU 

12 

3? 

TO 

39 

0 

1.1 

TO 

1  .2 

27 

i 

i 

3 

1  2  TO 

14 

39 

TO 

45 

25 

1  .? 

TO 

1  .3 

17 

14  TO 

16 

45 

TO 

5? 

33 

1.3 

TO 

1  ,4 

25 

1 

16  TO 

17 

52 

TO 

55 

0 

1.4 

TO 

1  .5 

7 

Tf 

17  TO 

20 

55 

TO 

65 

14 

1.5 

TO 

1  .6 

5 

-1 

20  TO 

22 

65 

TO 

72 

7 

1,6 

TO 

1.7 

4 

- 

22  TO 

24 

72 

TO 

7ft 

3 

1.7 

TO 

1  .6 

10 

j 

24  TO 

26 

7« 

TO 

H5 

6 

1  .« 

HI 

!  .9 

4 

i 

26  TO 

28 

8  5 

TO 

91 

4 

1  .R 

TO 

2.0 

2 

±0 

28  TO 

30 

91 

TO 

9fl 

2 

2.0 

TO 

2.4 

3 

I 

30  Ill 

32 

9ft 

TO 

1  04 

3 

2,4 

TO 

2,6 

0 

1§ 

32  TO 

39 

104 

TO 

127 

3 

2.6 

TU 

2.8 

o 

i 

39  TO 

45 

127 

TO 

147 

2 

2.8 

TO 

3.0 

0 

% 

45  TO 

55 

147 

TO 

1  ftO 

2 

3.0 

TO 

3.5 

0 

55  TO 

71 

t  n  o 

TO 

232 

0 

3,5 

TO 

4,0 

0 

J 

71  TO 

100 

232 

TO 

328 

0 

4.0 

TO 

4.5 

0 

! 

over 

100 

OVF.H 

328 

0 

over 

4,5 

0 

] 

Area:  NVH1  (Wavelength  =  4.5  -  5.5  pm) 
Temperature  Threshold  =  Mean  +  1.50  a 
Mean  =  295.02  Kelvin 
Std.  Dev.  a  -  0.87  Kelvin 
EQUIVAI  ENT  EILJPTICAL  AREAS  FOR  NELLIS  DESERT 


TTrim 


NVH1  (Desert) 

DISTRIBUTION  OF  ELL  I PT I CA!.  AREAS  GREATER  THAN  THRESHOLD 


SQUARE  HtTERS 


JKr: 

8,0 

TO 

10,0 

155 

10,0 

TO 

15.0 

119 

15.0 

TO 

2o .  0 

146 

s- 

-  - 

20,0 

TO 

25.0 

61 

:fe 

25.0 

TO 

3n.  o 

26 

!|i 

30,0 

TO 

35.0 

30 

5)1. 

35.0 

TO 

40.0 

10 

f~T 

RO.O 

TO 

45.0 

19 

2?/: 

45.0 

TO 

50,0 

15 

fc 

50.0 

’0 

75.0 

35 

3§ 

75.0 

TO 

100,0 

19 

100,0 

TU 

150.0 

21 

150.0 

TO 

200.0 

4 

200,0 

TO 

250.0 

1 

f 

250,0 

TO 

300,0 

6 

£ 

300.0 

TO 

400.0 

0 

J, 

400.  0 

TO 

500.0 

3 

** 

OVER 

500,0 

0 

ftr ; 

fr 

TOTAL  NUMBER  OF 

ELLIPTICAL  AREAS  - 

672 

By  *rea  Threshold  =  Mean  +  1.50  a 

frequency  Wavelength  =  4.5  -  5.5  pm 
Mean  =  295.02  Kelvin 

1 55 

in  a  =  0.87  Kelvin 


1102  FEATURES  X 1 TH  areas  LESS  Than  8,00  SQ,  METERS  WERE  ALSO  RECOGNIZED 


BY  PtRIMtTER 


BY  S  ,APE 


METERS 

FEET 

FREQUENCY 

SHAPE 

factor 

FREQUENCY 

0  TO 

7 

0  TO 

22 

0 

0.0 

TO 

1.0 

1 

f 

7  TO 

10 

22  TO 

32 

0 

1.0 

TO 

1.1 

0 

it 

10  TO 

12 

32  TO 

39 

0 

1.1 

TO 

1,2 

24 

'  -A 

12  TO 

14 

39  TO 

45 

8 

1  .2 

TO 

1.3 

9 

-  -4 

14  TO 

16 

45  TO 

52 

89 

1.3 

TU 

1.4 

107 

fl 

16  TO 

17 

52  To 

55 

43 

1.4 

TO 

1.5 

21 

i  1  TO 

20 

55  TO 

65 

HO 

1  .5 

TO 

1.6 

121 

■d 

20  TO 

?2 

65  TO 

72 

48 

1  .6 

TO 

1.7 

34 

i- 

22  TO 

24 

72  TO 

78 

36 

1.7 

TO 

1.8 

78 

■j 

24  TCI 

26 

76  TO 

65 

14 

1  .« 

TO 

1  .9 

18 

tI 

26  TO 

28 

85  TO 

91 

47 

1.9 

TO 

2.0 

46 

:3 

28  TO 

30 

91  TO 

98 

26 

2.0 

TO 

2.4 

122 

3 

30  TO 

32 

96  TO 

104 

79 

?.« 

TO 

2.6 

25 

32  TO 

39 

104  TO 

127 

50 

2.6 

TO 

2.B 

18 

39  TO 

45 

127  TO 

147 

26 

2.6 

TO 

3.0 

5 

45  TO 

55 

147  TO 

i  60 

3b 

3,0 

TO 

3.5 

24 

1 

55  TO 

7 1 

160  TO 

232 

28 

3,5 

TO 

4.0 

7 

71  TO 

100 

232  TO 

328 

33 

4.0 

TO 

4.5 

9 

OVER 

100 

OVER 

326 

37 

OVER 

4.5 

3 

3.8-61 


Area:  NVH1  (Wavelength  -  4.5  -  5.5  ym) 
Temperature  Threshold  =  Mean  +  2.00  o 
Mean  =  295.02  Kelvin 
Std.  Dev.  -  a  -  0.87  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  DESERT 


3.8-62 


i 

■r 


i 

I 

i. 

I,., 


I. 


^Trim 


NVH1  (Desert) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


by  ahfa 


SOU AWL  METERS 


FREQUENCY 


8.0 

TO 

10,0 

17 

JO.o 

TO 

15.0 

7 

15,0 

Tl! 

20.0 

2 

2  o.o 

TO 

25.0 

3 

25.0 

TU 

30,0 

1 

so .  o 

TO 

35.0 

0 

35.0 

TO 

O0.0 

0 

00.0 

to 

<‘5.0 

0 

<15.0 

TO 

50,0 

0 

50,0 

TO 

75.0 

0 

75.0 

TO 

100,0 

0 

100,0 

TO 

150.0 

0 

150.0 

TO 

200.0 

0 

200.0 

TO 

250.0 

0 

250,0 

TO 

3  0  0 . 0 

0 

300.0 

TO 

000.9 

0 

<*00, 0 

TO 

500. 0 

0 

OVt  R 

500.G 

o 

TOTAL  NUMBER  OF 

ELLIPTICAL  AREAS  - 

30 

Threshold  =  Mean  +  2.00  a 
Wavelength  =  4  5  -  5.5  ym 
Mean  =  295.02  Kelvin 
a  =  0.87  Kelvin 


Ft  A  TURF  S  •<  I  T  H  AWFAS  LESS  THAN  8,00  SO,  METF.RS  WERE  ALSO  RECOGNIZCD 


METERS 

0  TO 

7 

8Y  PERIMETER 

FEET 

0  TO 

FREQUENCY 

0 

BY  SHAPE 

SHAPE  FACTu,  r  RE 

0.0  TO  1.0 

uuENCY 

0 

7  10 

10 

22 

TO 

32 

0 

1  .0 

TO 

1  .  1 

0 

10  TO 

12 

3? 

TO 

39 

0 

1  .  1 

TO 

1.2 

3 

\ 

12  TO 

10 

39 

TO 

05 

2 

1.2 

TO 

1.3 

1 

10  TO 

16 

05 

TO 

52 

10 

1.3 

TO 

1  .0 

12 

lb  TO 

17 

52 

T(1 

55 

.  0 

1  .« 

TO 

1  .5 

0 

17  TO 

20 

55 

TO 

65 

8 

1  .  J 

TO 

1,6 

8 

20  TO 

22 

65 

TO 

72 

1 

1,6 

TO 

1.7 

1 

22  TO 

2  0 

72 

Tfl 

78 

0 

1.7 

TU 

1 .8 

2 

2<t  TU 

26 

78 

TO 

85 

1 

1.8 

TO 

1  .9 

0 

26  TO 

28 

85 

Tn 

91 

1 

1  .9 

TU 

2.0 

2 

28  TP 

30 

91 

TO 

98 

1 

2.0 

TO 

2.0 

1 

rl 

30  TO 

32 

98 

TO 

100 

1 

2.9 

TO 

2.6 

0 

32  TO 

39 

too 

TO 

127 

1 

2.6 

TO 

2.8 

0 

30  TO 

05 

127 

TO 

107 

0 

2.« 

TO 

3.0 

0 

05  TO 

55 

107 

TO 

180 

0 

3.0 

TO 

3.5 

0 

55  TO 

71 

180 

TO 

232 

0 

3.5 

TO 

0.0 

0 

71  TO 

100 

232 

TO 

128 

0 

0.0 

TO 

0.5 

0 

UVER 

100 

OVER 

326 

0 

OVER 

0.5 

0 

3.8-63 
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Area:  NVH1  (Wavelength  =  9.0  -  11.4  pm) 
Temperature  Threshold  =  Mean  +  2.00  o 
Mean  =  298.72  Kelvin 
Std.  Dev.  =  c  =  1 .21  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  DESERT 


NVH1  (Desert) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


I 


>7rim 


BY  ARC* 


square 

meters 

FREQUENCY 

8,o 

TO 

10,0 

I  c  D 

10.0 

TO 

15.0 

02 

A  5.0 

TO 

20.0 

TO 

2  0.0 

TO 

25.0 

3b 

25.0 

TO 

30.0 

12 

30.0 

TO 

35.0 

17 

15.0 

TO 

KO.O 

? 

90.0 

TO 

<15, C 

<i 

05. 0 

10 

50.0 

1 

50.0 

Ttl 

75.0 

9 

15. 0 

TU 

100.0 

2 

100.0 

TO 

150.0 

1 

150.0 

TO 

200.0 

3 

200.0 

TO 

250.0 

1 

250.0 

TO 

300.0 

0 

300 .0 

TO 

<10  0.0 

0 

a  0  0  •  0 

TO 

500.0 

0 

fIVER 

500.0 

1 

Threshold  =  Mean  +  2.00  a 
Wavelength  =  9.0  -  11.4  nm 
Mean  =  298.72  Kelvin 
o  =  1.21  Kelvin 


TOTAL  NUHBER  OF  ELLIPTICAL  AREAS  »  353 


860  FEATURES  WITH  AREAS  LESS  THAN  8,00  SO,  METERS  HERE  ALSO  RECOGNIZED 


BY  PERIMETER  BY  SHAPE 


ME 

TE  HS 

FEE  T 

FREQUENCY 

SHAPE 

Fa 

CTOR 

FREQUENCY 

0 

TO 

7 

0 

TO 

22 

0 

0 . 0 

TO 

1.0 

2 

7 

TO 

10 

22 

TO 

32 

2 

1.0 

TO 

1.1 

0 

10 

TO 

12 

32 

TO 

39 

0 

1 .1 

TO 

1.2 

9 

12 

TO 

1« 

39 

TO 

<15 

1 

t  .? 

TO 

1  .3 

6 

la 

TO 

lb 

Til 

52 

69 

1  .3 

TO 

l.a 

7a 

1  6 

TO 

17 

52 

TO 

55 

31 

l." 

TO 

1.5 

6 

1  7 

TU 

:o 

55 

TO 

bS 

72 

1  .5 

TO 

1  .6 

79 

20 

TO 

22 

65 

TO 

72 

26 

1  .6 

TO 

1.7 

12 

22 

10 

2a 

72 

TU 

70 

21 

1.7 

TO 

1  .8 

oO 

2a 

TO 

2b 

7  ft 

TO 

65 

5 

1.8 

TO 

l.R 

15 

2b 

TO 

2B 

85 

TO 

91 

2a 

1  .9 

TL1 

2.0 

2u 

26 

TO 

30 

91 

TO 

98 

is 

2.0 

TO 

2.E 

«  3 

30 

TO 

32 

on 

TO 

1  oa 

i  a 

2. a 

TO 

2.6 

to 

32 

TO 

39 

loa 

TO 

127 

31 

2.6 

TU 

2.8 

6 

39 

TO 

a5 

127 

TO 

ia7 

9 

2.0 

TO 

3.0 

l 

05 

TO 

55 

1  a  7 

TO 

1  00 

9 

3.0 

TO 

3.5 

2 

55 

TO 

7  l 

180 

TO 

232 

9 

3.5 

TO 

a.o 

2 

71 

TO 

100 

232 

TO 

320 

a 

<1.0 

TO 

a. 5 

1 

OVER 

100 

OVER 

320 

6 

OVER 

a. 5 

1 

3.8-65 
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Area:  NVH1  (Wavelength  =  9.0  -  11.4  pin) 
Temperature  Threshold  =  Mean  +  Z.50  a 
Mean  =  298.72  Kelvin 
Std .  Dev.  =  d  =  1 .21  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  DESERT 


NVH1  (Desert) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


f 

/, 

V 


l. 


v 

r 


by  area 


Threshold  =  Mean  +  2.50  o 


SQUARE 

HETfRS 

FREQUENCY 

Wavelength  =  9.0  -  11.4  uni 

8 . 0 

TO 

10,0 

5 

Mean  =  298.72  Kelvin 

’ 

10.0 

TO 

15.0 

1 

a  =  1.21  Kelvin 

1S.0 

TO 

20.0 

2 

2  0.0 

TO 

25.0 

1 

25.0 

TO 

10.0 

i) 

in  .  0 

Til 

15,0 

0 

’5 

3S.0 

TO 

60.0 

0 

00.0 

TO 

05.0 

1 

05.0 

TO 

50.0 

0 

j 

50.0 

TO 

75.0 

0 

75, 0 

TO 

100,0 

M 

Jj 

1  0  0 . 0 

TO 

150,0 

0 

150 .0 

TU 

200.0 

0 

loo .  0 

TO 

250  .  0 

0 

250.0 

TO 

3  o  o  ,  o 

0 

300 . 0 

TO 

600.0 

0 

600.0 

TO 

500 .  o 

0 

nv 

F.fi 

500.0 

0 

TOTAL  NUMBER  OK  ELLIPTICAL  ARIAS  -  1  0 

105  FEATURES  h I T H  AREAS  LESS  THAN  6,00  SQ,  METERS  WERE  ALSO  RECURNtZEO 


bV  PERIMETER  BY  SHAPE 


METERS 

FEET 

FREQUENCY 

shape 

FACTOR 

FREQUENCY 

o  t  n 

7 

0 

TO 

??. 

0 

o  .  0 

TO 

1.0 

0 

7  TU 

10 

2? 

TO 

12 

0 

1.0 

TU 

1.1 

0 

10  TO 

12 

1? 

TU 

19 

0 

1.1 

TO 

1.2 

0 

tz  in 

10 

19 

TO 

0  5 

0 

1.2 

TO 

1.3 

0 

m  t  n 

16 

05 

TO 

52 

1 

1.1 

TO 

1.6 

5 

16  in 

17 

*»? 

To 

55 

2 

1.6 

TO 

1.5 

I 

17  in 

20 

55 

TO 

65 

2 

1  .5 

TO 

1  ,b 

3 

.0  TO 

22 

65 

TU 

72 

0 

1.6 

TO 

1.7 

0 

??  in 

20 

7? 

TO 

76 

2 

1  .7 

TO 

1  .« 

0 

26  TO 

26 

76 

TO 

65 

0 

1  .« 

TO 

1,9 

0 

26  TO 

2B 

05 

TO 

91 

0 

1.9 

TO 

2.0 

0 

2B  TO 

Jo 

9  t 

TO 

98 

0 

?.0 

TO 

2.6 

1 

JO  TO 

12 

96 

TO 

100 

0 

2.6 

TO 

2,6 

0 

12  TO 

19 

1  00 

To 

127 

c 

2,9 

TO 

2.6 

0 

JR  10 

05 

127 

TO 

167 

0 

2,6 

TU 

3.0 

0 

(15  TO 

55 

1  o  7 

TO 

160 

1 

1.0 

TU 

3.5 

0 

55  TO 

71 

160 

TO 

212 

0 

3.5 

TU 

6,0 

0 

71  T  n 

too 

21? 

TO 

128 

0 

(i.o 

TO 

6,5 

0 

OVER 

100 

OVFH 

328 

0 

OVER 

6.5 

0 

'6 
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Area:  NVH1  (Wavelength  =  3.0  -  4,2  )itn) 
Temperature  Threshold  ~  Mean  +2.00  o 
Mean  =  312.90  Kelvin 
Std .  Dev.  =  o  =  3.5?  Kelvin 

LQU I  VALENT  ELLIPTICAL  AREAS  TOR  NELLIS  DESERT  -  DRY  LAKE 


3.8-6H 


iSBlJj  I, , .  "lun,  iiiimmtdi  ill:  *siijS3fe=i  f 


2pl 


NVH1  (Dry  Lake) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 

hv  area  Threshold  =  Mean  +  2.00  a 

SQu*Rt  HETfRS  ffitfjtiENCt  Wavelength  =  3.0  -  4.2  pm 

Mean  =  312.90  Kelvin 

8.D  tu  lo.o  IS 

io. ot n  is.o  ^  o-3.62  Kelvin 


8.0  Til 

10.0  Til 

IS.O  Til 
20.0  to 
2S.0  TO 
}0.0  TU 
<S„0  IiJ 
00,0  TU 
RS.o  Tu 
SO. ft  Til 
7 S  ,  ft  Til 
100.0  TU 
1S0.0  TU 
200,0  TU 
2S0.O  T|| 
100.0  Til 
00(1. ft  TU 
no  t  h 


10.0 
ts.o 
20,0 
2  S.u 
10.0 
1S.0 
«0.ft 
US.  0 
SO .  0 
7S.  0 
100.0 
1S0.0 
200.0 
2  s  o ,  o 
100,0 
SO  0 , 0 
SO  0.0 
SOO.O 


TOTAL  NUMBER  OF  ELLtPIlCAL  AREAS  «  It  2 

ms  Ft.  A TURt  3  HUH  AREAS  Lf.SS  Than  8,00  SO,  mFTERS  here  ALSU  RECOr.NUFO 


H¥  PIN  l  H|.  UR 


METFHS 


FHEUUtNCV 


BY  ShAPF 


shape  tACTUP  FRtijUF.NCT 


0 

TO 

7 

0 

Tu 

22 

0 

0.0 

Tl) 

1.0 

0 

7 

TO 

10 

2? 

TU 

12 

0 

l  .0 

TO 

1.1 

0 

10 

TO 

12 

12 

Til 

IP 

0 

1.1 

Tl) 

1.2 

R 

1? 

1(1 

to 

IP 

TU 

R  S 

0 

1.2 

TU 

1.1 

1 

IR 

TO 

16 

uS 

TO 

S2 

0 

1 

TO 

1  «R 

fl 

1  b 

TU 

17 

s? 

TU 

ss 

•  1 

1  .R 

Til 

1  ,S 

1 

17 

TO 

20 

SS 

Til 

6S 

7 

1  ,s 

Tl) 

1  .6 

s 

20 

TO 

22 

6S 

TU 

72 

1 

1  ,6 

TII 

1  .7 

2 

22 

TO 

2R 

72 

TU 

7  H 

■» 

1 . 1 

Tl) 

1  .B 

7 

?R 

TO 

26 

70 

TU 

AS 

0 

1 .« 

TO 

1  .P 

1 

26 

TU 

2H 

«s 

TU 

PI 

u 

1  .0 

TII 

2.0 
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NVH1  (Dry  Lake) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


by  arfa  Threshold  =  Mean  +  3.00  a 

square  Kf tens  freouency  Wavelength  =  3.0  -  4.2  urn 
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NVH1  (Dry  Lake) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


Threshold  -  Mean  +  1.00  a 


S<HUP£  meters  frequency  Wavelength  =  4.5  -  5.5  pm 
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DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 
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TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  16 
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Area:  f!VHl  (Wavelength  =  9.0  -  11.4  pm) 
Temperature  Threshold  =  Mean  +  1.00  o 
Mean  =  291 .94  Kelvin 
Std.  Dev.  =  a  =  1 .57  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  DESERT  -  DRY  LAKE 
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NVHl  (Dry  Lake) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 
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8Y  SHAPE 

shape  factor  frequency 
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Area:  NVH1  (Wavelength  -  9.0  -  11.4  nm) 
Temperature  Threshold  =  Mean  +1,50  o 
Mean  =  291 .94  Kelvin 
5td.  Dev.  =  o  -  1.57  Kelvin 

EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  DESERT  -  DRV  LAKE 
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DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 
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NELLIS  AFB,  NEVADA 


Power  Spectra 


Spectral  Bands: 


2.0  -  2.6  pm 
3.0  -  4.2  pm 

3.5  -  3.9  pm 

4.5  -  5.5  pm 
9.0  -  11.4  pm 
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Power  spectral  density  is  (*Kj  /cycl e/meter  for  the  3.5  to  3.9  vm  band. 


spectral  density  is  ( 'K)^/ cycle/meter  for  the  3.5  to  3.9  urn  band. 


3.8-9] 


POWER  SPECTRA  (Desert) 


Power  spectral  density  is  ( * K)  /cycl e/meter  for  the  3.5 


uni  bands 


POWER  SPECTRA  (Dry  Lake) 
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PISGAll  (’RATER,  CALIFORNIA 
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li'lfl'  t  O 


Pertinent.  Scene  and  Flight  Information 
(Date  of  Flight:  30  October  1070) 


specific  discussions  ol  these  and  associated  data  1 
Ret  erein  e  Z  . 


or  this  scenery 


I 


rise AH  CRATER  D„ta 

Wave  length  Bands : 

8.0-10.9  pm,  9.4-12.1  pm,  11.3-13.5  pm 

IFOV ;  3.5  rarad  (11.3-13.5);  21x28  mrad2  (8.0-10.9,  9.4-12.1) 

Altitude :  1000  l't  Depression  Angle:  90° 

Time :  0830  hrs  Flight  Direction:  Soutli-SoutheasL 

Ground  Speed:  'i<2G0  fL-sec  ^ 

Area  Covered  (Approx.):  6950  ft  long  x  820  ft  wide 

Meteorology :  Visibility  50  ml;  clear  and  bright,  dry; 
cloud  cover  10% 


3.9  2 


LINE  SCAN  IMAGES  PRODUCED  FROM  THE  VARIOUS  INFRARED  CHANNELS  OF  PISGAH  CRATER 


K —  &20  ft 


GREYMAP  OF  PISGAH  CRATER 


range  of  scene  analysed  was  1-1988;  no 


t  completely  shown  here.) 


P1SGAH  CRATER,  CALIFORNIA 


Histograms 


Spectral  Bands:  8.0  -  10.9  pm 
9.4  -  12.1  pm 
11.3  -  13. b  pm 


’"'circles  define  a  Gaussian  curve  with  the  same  mean  and  standard 
deviation  as  the  actual  histogram.  An  "S"  on  some  curves 
saturation.  Because  of  limits  on  gain  settings  some  values  may  exist 
beyond  the  digital  limits  of  0  and  255,  Lhe  digital  dynamic  range  of 
the  data  processing. 


3.9-6 


Area:  PISGAH  CRATER  Wavelength  =  8.0  -  10.9  um 

Mean  =  288.59 
Std.  Dev.  =  2.31 


RADIANCE 


Terim 


PISGAll  CRATER,  CALIFORNIA 
Means  and  Standard  Deviations  for  Spectral  Bands 


Spectral  Bands:  Channel  1:  8.0  -  10..9  pm  (°K) 
Channel  2:  9.4  -  12.1  Vim  (nK) 
Channel  4:  11.3  -  13.5  vim  (PK) 


Hum 


riSGAH  CRATER 


Number  of  Subregions  =  1 

Pixel  Subarea  Divisions  at:  1  328 

Line  Subarea  Divisions  at:  1  1988 

Line  Increment  Used  =  1 

Pixel  Increment  Used  =  1 

Channels:  l(8.0  -  10.9  ym) 

2(9.4  -  12.1  ym) 

4 (la. 3  -  13. 5  ym) 


Channels 
Mean 
St.  Dev. 
Total  Points 


1 


2 . 8859F.+02 
2.3106E+00 
1*60743 


2 

2 . 8841E+02 
2.3612E+00 
460743 


4 

2.8961E+02 

2.8894E+00 

65OO70 


3.9-11 


P1SGAH  CRATER,  CALIFORNIA 


Ellipse  Statistics 
Spectral  Band:  31-3  -  13.5  ym 
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2ERJM 


P1SGAH  CRATER 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  APfA 


Threshold  =  Mean  +  2.22  a 


SQUARE 

METERS 

FREQUENCY 

Wavelength  =  11.3  - 

3.0 

TO 

S.O 

101 

Mean  =  289.51  Kelvin 

5.0 

TO 

10.0 

52 

o  =  2.89  Kelvin 

10.0 

TO 

1S.0 

22 

15.0 

TO 

20.0 

2 

20.0 

TO 

25,0 

7 

25.0 

TO 

30.0 

2 
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TO 

55.0 

1 

35.0 

TO 

00.0 

1 

00.0 

TO 

05.0 

3 

*15.0 

TO 

50.0 

2 

SO  .  0 

TI.) 

75.0 

1 

7  5.0 

TO 
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1 

10  0.0 

TO 

1  5  0  .  f * 

2 
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TO 
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0 
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TO 
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0 
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TO 

300.0 

0 

300.0 

TO 

ooo.o 

0 

000. 0 

TO 

500.0 

0 

ilVFR 

SOO .  0 

0 

TOTAL  LUMBER  OF 

ELLIPTICAL  AP.FAS 

-  197 

576  F  E  A  TUBES  oTTh  AHFAS  Lt$S  THAU  5,00  SO.  METERS  HERE  AL  Sn  RECOGNISED 


HY  PERIMETER  HV  SHAPE 


METEH3 

FEET 

FREQUENCY 

SHAPE 

F ACTUW 

FRF  UUEHCV 

0 

T  fJ 

7 

0 

Til 

22 

0 

n .  n 

TO 

i 

.0 

0 

7 

m 

1 0 

22 

Til 

32 

06 

l.o 

TO 

i 

.1 

0 

10 

m 

12 

3  2 

Tn 

3  ' 

01 

1.1 

TO 

1 

.2 

5 

12 

t  n 

10 

39 

Tn 

OS 

36 

1.2 

Til 

l 

.3 

5 

1  0 

TI) 

16 

o  5 

Tn 

52 

21 

1.3 

TO 

1 

.0 

07 

16 

TI) 

17 

52 

Tn 

55 

0 

1  .o 

TO 

1 

.5 

30 

1  7 

TO 

20 

55 

TO 

65 

1  0 

1  .5 

TO 

1 

.6 

22 

20 

TO 

22 

05 

TIJ 

72 

3 

1,6 

TO 

1 

*» 

*  ■ 

27 

22 

TO 

20 

72 

TO 

78 

6 

1.7 

Til 

1 

.8 

7 

20 

Tn 

26 

7« 

Tn 

85 

0 

1.8 

Tu 

1 

.9 

0 

26 

TO 

28 

85 

Tn 

91 

2 

1.9 

Tf 

.0 

1  8 

28 

TO 

30 

91 

Tn 

98 

0 

2.0 

TO 

? 

.« 

1  9 

30 

TO 

32 

9  A 

Tn 

i  no 

0 

7 , 0 

1 1 1 

.6 

3 

32 

TO 

39 

1  0  0 

Til 

127 

1  0 

2.6 

TO 

? 

.8 

5 

39 

TO 

05 

1  27 

Tn 

107 

3 

2.« 

TO 

3 

.0 

1 

05 

m 

55 

1  07 

TO 

180 

3 

3.0 

TO 

3 

.5 

2 

55 

TO 

71 

1  80 

Til 

23? 

0 

3.5 

TO 

0 

.0 

1 

71 

TO 

100 

2  1? 

TO 

3  3  6 

2 

0.0 

TO 

0 

.5 

n 

uver 

100 

nvKP 

328 

2 

OVFr* 

4 

.5 

1 

3.y-i5 


820  ft 


PISGAH  CRATER  (Wavelength  -  11.3  -  13.5  pm) 
Temperature  Threshold  =  Mean  +2.75 
Mean  -  285.51  Kelvin 
Std .  Dev.  =  o  »  2.89  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS 
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PISGAH  CRATER 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


SUU AML 

METERS 

frequency 

3.0 

TO 

5.0 

to 

5.0 

TO 

10.0 

17 

to.o 

TO 

15.0 

3 

15.0 

TO 

20.0 

2 

ao. o 

TO 

25.0 

0 

25.0 

TO 

30.0 

0 

30,0 

TO 

35.0 

0 

35.0 

TO 

00.0 

1 

00  . 0 

TO 

OS.O 

0 

os.  o 

TO 

50.0 

0 

50.0 

TO 

75.0 

0 

75,0 

TU 

1  0  o  .  0 

0 

100.0 

TO 

150.0 

0 

150.0 

TU 

200.0 

0 

soo.o 

TO 

250.0 

0 

250 . 0 

TU 

300.0 

0 

300.0 

TO 

000. 0 

0 

iioo.n 

TO 

500.0 

0 

OVER 

500.0 

0 

TOm  NUMBER  OF  ELLIPTICAL  AT, FAS  »  09 

170  FEATURES  KITH  AREAS  LESS  THAN 


Threshold  -  Mean  +  2.75  o 
Wavelength  =  11.3  -  13.5  ym 
Mean  =  289.51  Kelvin 
u  =  2.89  Kelvin 


3.00  so,  meters  mere  also  recognizfd 


METERS 


nv  PERIMETER 


FEET 


FREQUENCY 


0 

TO 

7 

0 

TU 

22 

0 

o.n 

TO 

1 

,0 

7 

TO 

10 

22 

TO 

32 

1  3 

1  .0 

TO 

1 

,1 

10 

10 

12 

32 

TO 

39 

1  1 

1 .1 

TO 

1 

,2 

12 

TO 

1  a 

39 

To 

05 

7 

1.2 

TO 

1 

,3 

to 

T  o 

16 

05 

TO 

52 

3 

1  .  3 

TIJ 

1 

,0 

t  b 

TO 

17 

5? 

TU 

35 

0 

1  .0 

TO 

1 

,5 

i-7 

TO 

20 

55 

TO 

o  5 

1  0 

1  .5 

TO 

1 

.8 

20 

m 

22 

65 

TP. 

72 

0 

1  .6 

m 

1 

.7 

22 

TO 

20 

7? 

TO 

78 

1 

1.7 

TO 

1 

.8 

20 

TO 

2b 

78 

TO 

85 

1 

1  .« 

TO 

1 

.9 

2b 

TO 

28 

85 

TO 

91 

0 

1  .9 

TO 

2 

.0 

28 

TO 

30 

9  t 

TO 

98 

0 

2.0 

TU 

2 

,0 

30 

TO 

32 

9  R 

TO 

1  00 

0 

2.0 

TO 

"> 

.6 

32 

TU 

39 

1  00 

T  0 

127 

2 

2  1  b 

10 

? 

.8 

39 

TO 

05 

127 

TO 

107 

0 

2.8 

TO 

3 

.0 

US 

TO 

55 

107 

TO 

1  80 

0 

3.0 

TO 

3 

.5 

55 

TO 

71 

180 

TO 

232 

1 

3.5 

TO 

u 

.0 

71 

TO 

10  0 

232 

TO 

328 

0 

0.0 

TO 

a 

.5 

OVER 

!  0  'u 

nvK» 

328 

0 

rwp  « 

a 

.5 

HY  SHAPE 

shape  factor  frequency 


o 
o 
o 
3 
1  3 


3.9-17 
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PISGAH  CRATER,  CALIFORNIA 

Power  Spectra 

Spectral  Band:  11.3  -  13.5  pm 
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PORT  HUENEME,  CALIFORNIA 

Per tinent  Scene  and  Flight  Information 
(Date  of  Flight:  7  March  1978) 


Foi  specific,  discussions  of  these  and  associated  data  for  this  scenery, 
refer  to  Reference  4. 


3.10-1 


HUME L  Da ta 


Wavelength  Band s : 

2. 0-2. 6  mn,  2.0-4. 2  nm,  4.5-5. 5  urn ,  9.0-3  1.4  iim 

1  FOV :  2.5  nirad 

Alt  itudu :  3  7  50  ft  Depression  Angle:  90° 

Time :  1.215  hrs  Flight  Direction:  West 

Ground  Speed:  202  ft-sec 

Area  Covered  (Approx.) : 

Total)  6350  ft  1  ong  x  2800  ft  wide 


i 

v<  . 


HUME 2  Data 

Wavelength  Bands : 

2. 0-2. 6  inn,  3. 0-4. 2  inn  ,  4. 5-5. 5  pm,  9.0-11.4  pm 
1 FOV :  2,5  mrad 

Altitude :  1000  ft  Depression  Angle:  35° 

Time :  1420  hrs  Flight  Direction:  West 

Ground  Speed :  202  ft-sec 

Area  Covered  (Approx . ) : 

Glints)  loOO  ft  long  x  900  ft  wide  (sun  glint  on  water) 

Meteorology  (HUME1  and  HUME2) :  Visibility  >  15  mi; 
slight  haze;  high  scattered  clouds;  water  calm,  slighL 
rolling  waves. 
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HUENEME  IMAGERY  -  SO8  DEPRESSION  (HUME!) 


PORT  HUENEME  IMAGERY  -  90'"  DEPRESSION  (HUME1) 
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3.10-9 


PORT  HUENEME,  CALIFORNIA 


Histograms 


Spectral  Bands:  2.G  -  2.6  pm 
3.0  -  4.2  pm 
4.3  -  3.5  pm 
9.0  -  11.4  pm 


Circles  tie  Fine,  a  Gaussian  curve  with  the  same  mean  and  standard 
deviation  as  the  actual  histogram.  An  "S"  on  some  curves  indicates 
saturation.  Because  of  limits  on  gain  settings  some  values  may  exist 
beyond  the  digital  limits  of  0  and  255,  the  digital,  dynamic  range  of 
the  data  processing. 

3.10-10 
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. . . . . ,!lt!’!|"'<|!qi|irij-j-|!|i.iT!T|:: 


3. 10-11 


Area:  HUM!  ^Lines  101-1550}  Wavelength  =  2.0  - 

Mean  =  78.13 
Std.  Dev.  =  50.52 


Area:  HUM1  (Lines  107-7  550)  Wavelength  =  9.0 

Mean  =  300 


RA0E4NCE  IT.  uU-cra 

Wavelength  =  3.0  -  4.2  uni 
Mean  =  314.05 
Sto.  Oev.  =  18.36 


288 
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PORT  11UENEME,  CALIFORNIA 


Means  and  Standard  Deviations  for  Spectral  Bandf 

& 

Correlations  Between  Spectral  Bands 


Channel 

6: 

2.0  - 

2.6  pm  (pW-cm  ‘-sr  -pm 

Channel 

10: 

3.0  - 

4.2  pm  (°K) 

Channel 

11 : 

4.3  - 

5.5  pm  (°K) 

Channel 

12: 

9.0  - 

11.4  pm  (°K) 

Because  of  the  relatively  sma1  1  temperature  cltanp.es  in  the  scenery, 
there  is  a  nearly  linear  relationship  between  the  temperature  and  radiance 
statistics  for  the  thermal  channels.  It  is  pertinent,  therefore,  to  compute 
correlations  between  radiance  and  temperature  channels. 


3.  10-18 


-  :l|;v.r.;ig;:  I'- . . . . rwiiwi'T'F "Pf'*  ar  -  '  «" 


2p 


HUMEl 

TOTAL  SCENE 


Number  of  Subregions  =  1 
Pixel  Subarea  Divisions  at: 
Line  Subarea  Divisions  at: 
Line  Increment  Used  =  1 
Pixel  Increment  Used  =  1 


10 

636 

-  -  . - . -  :3 

101 

1550 

Correlation  Channels:  6 

(2.0  -  2.6  pm) 

1 

11 

(4.5  -  5.5  pm) 

12 

(9.0  -  11.4  I'm) 

-i 

CorrelaL ion 

6 

11  12 

5 

6 

1.000 

11 

0.791 

1.000 

12 

0.767 

0.921  1.000 

4 

Channels 

6 

11 

12 

Mean 

7.8128E+01  2.9454E+02 

3.0054E+02 

St.  Dev. 

5. 0523E+01  4. 7889E+00 

7.9584F+00 

T  >tal  Fts. 

907700.  907700. 

907700. 

3. 10-19 


GLINTS 


Number  of  Subregions  =  1 

Pixel  Subarea  Divisions  at:  301  500 

Line  Subarea  Divisions  at:  1351  1550 

Lire  Increment  Used  =  1 

Pixel  Increment  Used  =  1 

Correlation  Channels:  6  (2.0  -  2.6  I'm) 

10  (3.0  -  4.2  jim) 

11  (4.5  -  5.5  j:m) 

12  (9.0  -  11.4  vim) 


aLion 

6 

10 

6 

1 . 000 

10 

0.846 

1.000 

11 

0.892 

0.683 

12 

-0.094 

-0.113 

1 . 000 


Cuannels 
Mean 
St.  Dev. 
Total.  Tts. 


1 . 502.5E+02  3 . 14050+02 

1 . 1 205E+02  1.3863E+01 


39800. 


39800. 


11  12 
2. 9083K+02  2.88*6E+02 

2 . 7197E+00  6 . 4991E-01 

39800  3980 
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PORT  11UENEME,  CALIFORNIA 


Ellipse  Statistics 


Spectral  Bands: 


* 


2.0  -  2.6  pm 
3.0  -  4.2  pm 
4.5  -  5.5  pm 
9.0  -  11.4  um 
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HUMEl 


JliFKlBUTiON  OF  ELLlFTICAL  AkEh6  GREATER  THAN  THRESHOLD 


BY  AREA 


SQUARE  METERS 


FREQUENCY 


f ' 

6.0 

TO 

10.0 
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TO 

15.0 

76 

*» 

15.0 

TO 

2  0  „  0 

0  0 
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TO 

25.0 

21 

f 

25.0 

TO 
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1  6 

10.0 

T(J 

35. 0 

20 
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TO 
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1  o 

t  • 
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TO 

05 .  n 

1  1 

■  .  ~ 

05.0 

TO 

50.0 

1  1 

w 

so.0 

TO 

75.0 

22 

5* 

7  5,0 

TO 
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10 
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TO 
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16 

15  0.0 

TO 
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6 

/  i 
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TO 
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6 

V 

250,0 

TO 
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2 

ffc 
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TO 
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5 

J  w? 
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TO 

500.0 

3 

i  n 

OVER 

500 . 0 

16 

1 

TOTAL  NUMBER  OF 

EXUPTICAI.  AREAS  - 

355 

Threshold  =  Mean  +  1.50  o 

Wavelength  =  2.0  -  2.6  ym 

-2  -1 

Mean  =  78. lo  yW-cm  -sr  -yin 


a  -  50.52 


w  -2  -1 

yW-cm  -sr  ■ 


C5«  FEATURES  WITH  AREAS  LESS  THAN  0,50  SQ,  METERS  WERE  ALSO  RECOGNIZED 


8Y  PERIMETER 

BY  SHAPF 

meters 

FEET 

FREQUENCY 

shape  Factor 
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0  TO 
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1.0 

0 

7  TO 

10 

22 

TO 

32 

0 

1.0 

TO 

1  .1 

0 

10  TO 

12 

32 

TO 

39 

0 

l .  l 

TO 

1  .2 

6 

4 

12  TO 

10 

39 

TO 

u5 

15 

1.? 

TO 

1.3 

1  7 

■i 

10  TO 

16 

05 

TO 

52 

0 

1.1 

TO 

1.0 

26 

lb  TO 

17 

5? 

TO 

55 

27 

1.0 

TO 

1  .5 

22 

17  TfJ 

20 

55 

TO 

65 

36 

1  .5 

TO 

1  .6 
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2pl 


HUME1 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


SUUARE  METERS 


■a  Threshold  =  Mean  +  2.00  o 

frequency  Wavelength  =  4.5  -  5.5  urn 


,  at' 

Mean 

294.54 

Kel vin 

8.0 

TO 

10.0 

21 

10.0 

TO 

15.0 

35 

0  = 

4.79  Kelvin 

*  S 

15.0 

TO 

20,0 

19 

20.0 

TO 

25.0 

1 1 

25.0 

TO 

30,0 

8 

30 , 0 

TO 

35,0 

6 

~ 

35.0 

TO 

40 . 0 

fc 

1  *’  x: 

00.0 

TO 

45.0 

t 

45,0 

TO 

50.0 

3 

50 . 0 

TO 

75.0 

8 

75.0 

TO 

100,0 

3 

E'- 

100.0 

TO 

150.0 

7 

z 

150.0 

TO 

200,0 

6 

• 

200.0 

TO 

250 . 0 

i 

) 

250,0 

TO 

300,0 

2 

*  y 

300  . o 

TO 

400.0 

1 

«00,0 

TU 

5O0.0 

2 

/  _  a 

OVER 

500.0 

4 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  * 

1  49 

trr 

2«1  FEATURE 3 

WITH  AREAS 

LESS 

Thar 

8,00  S 0, 

MFTERS  WERE 

ALSO  RECOGNIZED 

»  - 

BY  PERIMETER 

BY  SHAPE 

k 

METERS 

FEET 

FREQUENCY 

shape 

E  ACTOR 

FREQUENCY 

0  TO 

7 

0  To 

22 

0 

0.0 

TO  1.0 

0 

Ha 

7  TO 

10 

22  To 

32 

0 

1  .0 

TO  1.1 

0 

3 

10  TO 

12 

32  TO 

39 

0 

i .  t 

TO  1.2 

3 

af-£ 

12  TO 

14 

39  TO 

4  5 

10 

1  .2 

TO  1.3 

1  0 

r 

1  4  TU 

16 

45  TO 

52 

0 

1.3 

TO  1.4 

16 

.. 

16  TO 

17 

52  Tn 

55 

17 

1  .“ 

TO  1.5 

12 

■i  k 

17  TO 

20 

55  TO 

65 

20 

1  .5 

TO  1.6 

21 

-  ~i  v 

20  Til 

22 

65  TO 

72 

13 

1  .6 

TQ  1.7 

1  6 

-S'-: 

22  TO 

24 

72  TO 

78 

0 

1.7 

TO  1,8 

12 

i 

24  TO 

26 

7  8  TO 

85 

1  0 

1.8 

TO  1.9 

1  1 

Si 

26  TU 

28 

85  TO 

91 

9 

1.9 

TO  2.0 

7 

a; 

2B  TO 

30 

9  1  TO 

98 

9 

2.0 

TU  2.4 

19 

tt" ' 

3  0  TO 

32 

98  1(1 

104 

0 

2.4 

TO  2.6 

6 

Hi 

32  TO 

34 

104  TO 

127 

12 

2.6 

TO  2.8 

i\ 

34  TO 

45 

127  TO 

147 

6 

2.8 

TO  3.0 

3 

-- 

45  TO 

55 

147  TO 

180 

1  0 

3.0 

TO  3.5 

<5 

55  TO 

71 

180  TO 

232 

9 

3.5 

TU  4.0 

3 

71  TO 

100 

232  TO 

328 

7 

4.0 

TO  4.5 

0 

» 

OVER 

100 

OVF  H 

328 

17 

OVER  4.5 

0 

n 


3.10-27 


TTrim 


HUME1 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


a 

5 

f- 

BY  ARF  A 

Threshold  =  Mean  +  3.00  o 

fi: 

? 

* 

square 

meters  FREQUENCY 

Wavelength  =  4.5  -  5.5  ym 

gj 

,  f 

Mean  =  294.54  Kelvin 

- 

6.0 

to 

10. 0 

3 

-4 

10.0 

TO 

15.0 

4 

a  =  4.79  Kelvin 

*  A- 

IS.  0 

TO 

20.0 

2 

| 

20 , 0 

TO 

25.0 

1 

j 

V 

25,0 

TO 

30.0 

0 

. j 

30,0 

T  ^ 

3S.0 

0 

1 

3S.0 

TO 

40.0 

0 

t  ..  f 

00.0 

TO 

45. 0 

0 

J.' 

45, o 

TO 

50.0 

0 

~ 

i" 

so.o 

TU 

75.0 

2 

4 

7S.0 

TO 

100,0 

0 

100,0 

TO 

150.0 

0 

•  .g 

1S0.0 

TO 

200.0 

0 

;  "3 

2oo,o 

TO 

250.0 

0 

J  1 

250.0 

TO 

300,0 

0 

.  /  i? 

4' 

30  0.0 

TO 

000.0 

1 

3  ' 

400.0 

TO 

500.0 

0 

+  % 

OVER 

500.0 

0 

J  5_-  %  - 

TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  - 

17 

C;- 

2a  features 

WITH  AREAS  LESS 

Than  b.oo 

so,  meters  were  also  recognized 

I 

6V  PERIMETER 

BY  SHAPE 

rr 

meters 

.  FEET 

FREQUENCY  SHAPE  FACTOR  FREQUENCY 

0 

TO 

7 

0 

TO 

22 

0 

0.0 

TO 

1.0 

0 

7 

TO 

10 

22 

TO 

32 

0 

1 . 0 

TU 

1.1 

0 

r:\ 

10 

TO 

12 

32 

TO 

39 

0 

1 . 1 

TO 

1  .2 

0 

12 

TO 

14 

39 

TO 

45 

1 

1.2 

TU 

1.3 

1 

2'U 

14 

TO 

16 

45 

TO 

S? 

0 

1.3 

TO 

1  .4 

0 

T-: 

16 

TO 

17 

52 

TO 

55 

0 

1.« 

TO 

1.5 

1 

■ 

1  7 

TO 

20 

55 

TO 

65 

3 

1.5 

Til 

1  .6 

1 

20 

TO 

22 

65 

TO 

72 

1 

1  .6 

T II 

1.7 

2 

if 

22 

TO 

24 

72 

TU 

78 

0 

1  .  7 

HI 

1  .8 

3 

__;T 

24 

TO 

26 

76 

TO 

85 

2 

1  .8 

W 

1  .9 

0 

isi 

26 

TO 

28 

85 

TO 

91 

1 

1.9 

71) 

2.0 

9 

28 

TO 

30 

9  1 

TO 

98 

2 

2.0 

TU 

2.4 

3 

30 

TO 

32 

NR 

TO 

104 

0 

2.4 

TU 

2.6 

2 

32 

TU 

39 

104 

TU 

127 

3 

2.6 

TU 

2.8 

0 

-■  ■ 

39 

TO 

4S 

127 

TO 

147 

0 

2.8 

Tl) 

3.0 

0 

IT 

45 

TO 

55 

147 

T.J 

180 

3 

3.0 

TO 

3.6 

0 

f 

55 

TO 

71 

1H0 

TO 

2  3? 

0 

3.6 

Tf) 

4.0 

0 

71 

TO 

100 

232 

TU 

328 

0 

4.0 

TU 

4.5 

0 

OVER 

100 

OVER 

328 

1 

OVER 

4,5 

0 

3.10-29 
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HUME1 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


by  arfa  Threshold  =  Mean  +  2.00  c 


SQUARE  METERS  FREQUENCY 


6,0 

TU 

10,0 

26 

10,0 

TU 

15.0 

47 

15.0 

TO 

20.0 

25 

20  .0 

TU 

25 . 0 

IB 

25.0 

TO 

30 . 0 

7 

30.0 

TU 

35,0 

14 

35.0 

TO 

0  0,0 

7 

ao ,  o 

TO 

R5.0 

7 

4  5,0 

TU 

50.0 

3 

50.0 

TU 

75.0 

1  0 

75.0 

TO 

100.0 

2 

100  „  0 

Tu 

150 . 0 

7 

150.0 

TO 

200 . 0 

7 

20  0,0 

TO 

250,0 

1 

250.0 

TO 

300 . 0 

3 

'  0  o  .  0 

TO 

400.0 

2 

0  0  0,0 

TO 

500 . 0 

2 

OVER 

500 . 0 

5 

Wavelength  =  9.0  -  11.4  uni 
Mean  =  300.54  Kelvin 
o  =  7.96  Kelvin 


total  number  of  elliptical  arfas  =  19? 


387  FEATURES  WITH  AREAS  LESS  IRAQ  6,00  SQ.  METERS  WERE  ALSO  RECOGNIZEO 


BY  PERIMETER  MY  SHARE 


METERS 

FEET 

FREQUENCY 

shape 

pactum 

FREQUENCY 

0 

TO 

7 

0 

TO 

22 

0 

0 

.0 

TO 

1 

.0 

0 

7 

TO 

10 

22 

TO 

32 

0 

1 

.0 

TO 

1 

.1 

0 

to 

TO 

12 

32 

TO 

39 

0 

1 

,1 

TO 

1 

.2 

1 

12 

TO 

14 

39 

TO 

45 

7 

1 

.2 

TO 

1 

.3 

8 

10 

TO 

16 

45 

TO 

52 

0 

1 

.3 

TO 

1 

.4 

?i 

lb 

TO 

17 

52 

TO 

55 

26 

1 

.4 

TO 

1 

.5 

9 

17 

TU 

20 

55 

TO 

65 

15 

1 

.5 

TO 

1 

.6 

34 

20 

TCI 

22 

65 

TO 

72 

c  4 

1 

TO 

1 

.7 

1  b 

22 

TO 

24 

72 

TO 

78 

0 

1 

.7 

TO 

1 

.6 

23 

24 

TO 

26 

78 

TO 

B5 

1  6 

1 

.« 

TU 

1 

,9 

1  0 

2b 

TO 

26 

65 

TO 

91 

6 

1 

.9 

TU 

2 

.0 

9 

26 

TO 

30 

91 

TO 

96 

1  1 

2 

.0 

TO 

2 

31 

30 

TO 

32 

98 

TO 

104 

0 

2 

.4 

TU 

2 

.  6 

5 

32 

TO 

39 

104 

TO 

127 

26 

? 

.  h 

TO 

2 

.  6 

7 

3V 

TO 

45 

127 

TO 

147 

7 

2 

.6 

TO 

3 

.  0 

2 

45 

TO 

55 

147 

YO 

160 

1  i 

.0 

TO 

i 

,5 

12 

55 

TO 

71 

160 

TO 

232 

6 

3 

.5 

10 

4 

.0 

3 

71 

TO 

100 

232 

TO 

326 

9 

a 

.0 

TU 

4 

.5 

4 

OVER 

100 

OVEH 

326 

24 

OVE  K 

4 

.6 

0 

3.10-31 


HUME1 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


SQUARE  MFTERS 


8.0  Tu 
10.0  TO 
15.0  TO 
20.0  TU 
2b. 0  TO 
50,0  TO 
3b. 0  TO 
00.0  TO 
6b. 0  Tu 
bO  .0  TO 
7S.0  TO 
100.0  Tu 
1  b  0  .  o  T  rj 
?Q0.0  TO 
2b 0.0  TO 
300.0  TO 
«00,0  TO 
()VE  K 


10,0 
1S.0 
20.0 
25.0 
30.0 
3S.0 
00.0 
05.0 
50.0 
7b. 0 
100. 0 
150.0 
200.0 
250,0 
300.0 
000,0 
bOO  ,  0 
bO  0 , 0 


67  area  Threshold  -  Mean  +  3.00  a 

frequency  Wavelength  =  9.0  -  11.4  pm 
Mean  =  300. 54  Kelv in 

t 

2  o  =  7.96  Kelvin 


TOTAL  t.'JMBER  OF  ELLIPTICAL  AREAS  -  1  1 

22  FEATURES  WITH  AREAS  LESS  THAN  8,00  SR,  METERS  WERE  ALSO  RECOGNIZED 


HY  PERIMETER 


meters 


FREQUENCY 


8Y  SHAl’F 

shape  factor  frequency 


0  TO 

7 

0 

TO 

22 

0 

0.0 

TO 

1  .0 

0 

l 

7  TO 

10 

22 

TO 

32 

0 

I  .  o 

TO 

1  .  1 

o 

10  Tfl 

12 

3? 

TO 

39 

0 

1 , ' 

TO 

1  . 2 

0 

12  TO 

1  0 

39 

TO 

6b 

0 

t  .2 

TO 

1  .  3 

Q 

10  TO 

16 

0  5 

TO 

52 

0 

1  .3 

TO 

1  .  6 

0 

16  TO 

1  7 

52 

TO 

bb 

0 

1  .  o 

TO 

1.5 

2 

17  Tf) 

20 

55 

TO 

6b 

1 

1  .5 

TO 

1 .6 

0 

20  TO 

22 

65 

TO 

72 

3 

1  .6 

TO 

1  .7 

0 

22  TO 

2  M 

72 

TO 

78 

0 

1  .  7 

TO 

1  .8 

0 

=: 

26  TO 

?fc 

78 

TO 

AS 

0 

1  .  8 

TO 

1 .9 

3 

26  TO 

20 

«5 

TO 

9  1 

0 

1  .9 

TO 

2.0 

0 

- 

28  TO 

30 

91 

TO 

98 

1 

2,8 

T  0 

2.6 

2 

30  TO 

32 

9fl 

TO 

106 

0 

2,6 

TO 

2,6 

0 

3?  TO 

39 

too 

TO 

127 

0 

2.6 

TO 

2.8 

1 

39  TO 

Ob 

127 

TO 

167 

2 

?.n 

TO 

5.0 

l 

05  TO 

bb 

16  7 

TO 

180 

1 

3,0 

TO 

3.5 

2 

55  TO 

71 

180 

TO 

232 

0 

3.5 

TO 

6.0 

0 

71  TO 

100 

232 

TO 

3?6 

2 

6.0 

Y 1 1 

6  ,b 

u 

OVER 

100 

OVER 

328 

l 

OV|  H 

6  .b 

0 

3. 10-33 


f.  k 

H 


2pl 


HUME2 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


SQUARE  METER# 


8.0  TO 
10.0  Trj 
15,0  TO 
20,0  TO 
25.0  TO 
30.0  TO 
35. (,  TO 
40.0  TO 
45. 0  TO 
50.0  To 
75. 0  TO 
ion. o  to 
150.0  to 

200  . n  TO 
2 ') o .  n  to 
3oo.n  to 
<100. 0  Til 
OVtK 


50.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
75.0 
10  0,0 
150.0 
2  0  0,0 
250.0 
300.0 
4  0  0.0 
Snn.o 
500.0 


Br  area  Threshold  -  M^an  +  2.00  a 

frequency  Wavelength  =  2.0  -  2.6  m 

Mean  =  150.25  i‘W-cm"^-sr'^ -ym 
jo  o  =  112.05  W-cm  ^ 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  *>  0  0 

36  F  t  A I  UkE  3  WITH  AREAS  LESS  THAN  8,00  30,  ME  TER3  WERE  ALSO  RECOGNIZED 


fiY  PERIMETER 


METERS 


FREQUENCY 


BY  SHAPE 

3hape  Factor  frequency 


0  TO 

7 

0 

TO 

22 

0 

0.0 

TO 

1.0 

0 

7  TO 

1  0 

22 

TO 

32 

0 

1.0 

TO 

1 . 1 

0 

3 

10  TO 

12 

3? 

TO 

39 

0 

1.1 

TO 

1.2 

7 

12  TO 

1  4 

39 

TO 

45 

4 

1.2 

TO 

1.1 

0 

n 

1  4  TO 

16 

45 

TO 

52 

n 

i  .  3 

10 

1.4 

15 

16  TO 

17 

52 

TO 

55 

i 

1  ,T 

TO 

1,5 

2 

-] 

17  TO 

20 

55 

TO 

65 

8 

1  .5 

TO 

1.6 

4 

I 

20  TO 

22 

65 

to 

72 

3 

1  ■  6 

TO 

1.7 

0 

1 

22  10 

24 

7? 

TO 

7# 

0 

1.7 

TO 

1  .6 

5 

ll 

24  TO 

26 

73 

TO 

85 

1 

1  .3 

TO 

1.9 

1 

-I 

i 

26  TO 

28 

0  5 

TO 

91 

4 

1  .9 

TO 

2.0 

2 

-I 

2(1  TO 

30 

01 

TO 

98 

0 

2,' 

TO 

2.4 

3 

30  TO 

32 

98 

TO 

104 

0 

2,« 

TU 

2.6 

0 

j 

32  TO 

39 

104 

TO 

127 

2 

2,6 

TO 

2.8 

0 

3R  TO 

45 

127 

TO 

147 

2 

2.« 

TO 

3.0 

0 

f 

45  TO 

55 

147 

TU 

180 

0 

3.0 

TU 

3.5 

0 

4 

55  TO 

71 

180 

TO 

232 

2 

3.5 

TO 

4.0 

0 

4 

71  TO 

100 

21? 

TO 

328 

1 

4.0 

TU 

4.5 

0 

OVER 

100 

OVER 

3?8 

1 

OVER 

4.5 

1 

3.10-J5 


1  U/5  ft 


Area:  HUMZ  (Wavelength  »  Z.O  -  Z.6  |im) 

Radiance  Threshold  *=  Mean  +  3.00  o 
-Z  -1  -1 

Mean  ■  150. Z5  nW-cui  -sr  -nm 

-Z  -1  -1 

Sid.  Dev.  «  o  =  HZ, 05  iiW-cm  -sr  -nm 
EQUIVALENT  ELLIPTICAL  AREAS  -  WAT ER  GLINT 


3. 10-30 


Yerim 


HUME2  (Water  Glints) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  ARf  A 


SaUARE  METERS 


FREfJUENCY 


a.o 

TO 

10,0 

u 

10.  o 

Til 

15.0 

4 

15,0 

TO 

20.0 

ft 

20.0 

TO 

25.0 

5 

28.0 

TO 

30.0 

0 

30,0 

TO 

35,0 

1 

38.0 

TO 

40.0 

1 

40.0 

TO 

48.0 

3 

45. 0 

TO 

50.0 

0 

50 . 0 

TO 

75.0 

t 

78.0 

TO 

100,0 

1 

100,0 

TO 

15  0.0 

0 

150.0 

TO 

200 . 0 

1 

200,0 

TO 

250.0 

0 

250,0 

TO 

'30  0.0 

0 

300 . 0 

TO 

400.0 

0 

«  0  0 , 0 

TO 

500 . 0 

0 

nvE  h 

500.0 

1 

Threshold  =  Mean  +  3.00  a 

Wavelength  =  2.0  -  2.6  pm 

-2  -1  -1 

Mean  =  150.25  pW-cm  -sr  -pm 
a  =  112,05  pW-cnT^-sr  ton  ^ 


total  number  of  elliptical  areas  -  32 

51  FEATURES  WITH  AREAS  LESS  THAN  ft, 00  30,  METERS  WEPE  ALSO  HE  CUCN I  if  ED 


OY  PERIMETER 


METERS 

FEET 

ERFOUENCY 

1 

0  TO 

7 

0 

TO 

22 

0 

J 

7  TO 

10 

22 

TO 

3? 

0 

i 

10  T  n 

1? 

3? 

TO 

39 

0 

m 

12  Til 

14 

39 

TO 

45 

2 

14  TO 

16 

45 

TO 

.  52 

6 

ft 

16  TO 

i  r 

52 

TO 

55 

0 

-h 

t£ 

17  TO 

20 

55 

TO 

65 

6 

St 

?0  Ul 

22 

65 

Tf) 

72 

1 

22  TO 

24 

72 

TO 

7  ft 

3 

p 

24  TO 

26 

7ft 

TO 

H5 

2 

ft 

26  in 

20 

68 

TO 

91 

4 

20  TO 

30 

01 

TO 

9ft 

2 

¥ 

30  TO 

32 

on 

.0 

io« 

1 

4  - 

32  TO 

39 

104 

TO 

127 

0 

39  rn 

4  5 

127 

TO 

147 

1 

P 

45  70 

55 

147 

TO 

1  HO 

2 

55  TO 

71 

100 

TO 

232 

0 

3 

71  TO 

100 

23  ’ 

TO 

3?B 

1 

■ 

OVER 

ioo 

fiVFH 

326 

1 

BY  SHAPE 

SHAPE  FACTOR  FHLQUENCY 

0.0  TO  1.0  0 

1.0  TO  1,|  0 

1.1  TO  J.2  4 

1.2  TO  l , J  0 

1.3  TO  1,1)  9 

1. «  TO  1.5  2 

1.5  TO  l.fc  4 

1.6  TO  1,7  4 

1.7  TO  1.8  1 

1  ,fl  TO  1 ,9  2 

1 .9  TO  2.0  1 

2.0  TL)  2,4  0 

2.  fl  TO  2 , b  0 

2.6  TO  2.B  0 

2.8  TO  3,0  Q 

3.0  TO  3.5  0 

3.5  T(J  4,0  0 

4,0  TO  4,5  0 

OVFH  4,5  1 


Arua :  HUM2  (Wavelength  =  3.0  -  4.2  jjm J 
Temperature  Threshold  =  Mean  +  2.00  o 
Mean  =  314.05  Kelvin 
Std.  Dev.  -  n  =  18.86  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  WATER  GLINTS 


3.10-38 


HUME2  (Water  Glints) 

DISTRIBUTION  OF' ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLU 


Threshold  =  Mean  +  2.00  a 


jg 

\ 

SQUARE 

METERS 

FREQUENCY 

8.0 

TO 

10.0 

20 

i- . 

10.0 

TO 

15,0 

5 

ni- 

15.0 

TO 

20.0 

9 

W: 

20.0 

TO 

25.0 

5 

w 

25.0 

TO 

30.0 

3 

30. o 

TO 

35.0 

3 

% 

35. 0 

"0 

00. 0 

1 

. 

UO.O 

TO 

<15.0 

1 

05.0 

TO 

50.0 

1 

fr 

50,0 

TO 

75.0 

2 

£h: 

75.0 

TO 

100.0 

1 

¥■ 

100.0 

To 

150.0 

0 

=i. 

15  0.0 

TO 

200,0 

0 

7 

200.0 

TO 

250.0 

0 

250.0 

TO 

300. 0 

0 

# 

300 . 0 

TO 

'10  0,0 

0 

J:. 

<10  0,0 

TO 

500. 0 

0 

&  1  - 

OVER 

500.0 

1 

TOTAL  NUKULK  OF  ELLIPTICAL  AREAS  =  52 


Wavelength  =  3.0  -  4.2  ym 
Mean  =  314.05  Kelvin 
a  =  18.86  Kelvin 


72  FEATURES  with  areas  LESS  THAN  A, 00  30,  PETERS  WERE  ALSO  RECOGNIZED 


OY  PERIMETER 

BY  SHAPE 

3 

it 

IS 

METFKS 

FEET 

FREQUENCY 

SHAPfc 

F AQTQR 

frequency 

0 

TCI 

7 

0 

Til 

22 

0 

0,0 

TO 

1  .0 

i 

•4! 

ML 

7 

TO 

1  0 

22 

TO 

32 

0 

1,0 

TU 

1.1 

r 

-5 

10 

TU 

12 

32 

TO 

39 

1 

1.1 

TO 

1 .2 

6 

4 

fir 

12 

T17 

1« 

39 

TO 

0  5 

7 

1.2 

TO 

1.3 

3 

1 

10 

in 

16 

05 

TO 

52 

12 

1.3 

TO 

1,0 

15 

-4j 

\ 

16 

TO 

17 

52 

TO 

55 

0 

1.0 

TU 

1  .5 

0 

17 

TU 

20 

55 

TO 

65 

10 

1  .5 

TU 

1  .6 

5 

|i>- 

20 

TO 

22 

65 

TO 

77 

2 

1,0 

TO 

1  .7 

3 

m 

22 

TO 

29 

72 

TO 

75 

2 

1.7 

TU 

1.0 

0 

% 

i. 

20 

TO 

26 

70 

TU 

55 

1 

1  .0 

TO 

1  .9 

1 

7 

i 

i‘ 

26 

TO 

20 

(15 

TO 

91 

2 

1  .9 

TO 

2.0 

1 

:J 

26 

TO 

30 

91 

TO 

98 

2 

?.o 

TO 

2,0 

2 

30 

fO 

32 

9  A 

TO 

100 

2 

2.0 

TO 

2.6 

1 

4 

Ar 

32 

TO 

39 

100 

TO 

127 

6 

2,6 

TO 

2,0 

0 

i 

if 

39 

TO 

05 

127 

TO 

107 

2 

2,0 

TU 

3.0 

0 

‘i 

IpK 

M  - 

R5 

TO 

55 

107 

TO 

1  AO 

0 

3.0 

TO 

3.5 

0 

A 

55 

TO 

71 

1  50 

TO 

2  32 

1 

3.8 

TO 

o.O 

0 

1 

s 

71 

TO 

loo 

232 

TO 

320 

1 

0.0 

TO 

0,5 

0 

s!  ■" 

UVER 

100 

OVER 

320 

1 

OVER 

0.5 

1 

dj 

4 
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HUME2  (Water  Glints) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  ARM 


SUUARfc  METERS 


«,0  TO 
10.0  TO 
15.0  TO 
20.0  10 
25.0  to 
30.0  TO 
35.0  TO 
oo, 0  TO 
05.0  TO 
50.0  TO 
75.0  TO 
100.0  10 
150.0  TO 
200,0  TO 
250.0  TO 
300.0  TO 
000.0  TO 
OVf  R 


10,0 
15.0 
20.0 
25.0 
30,0 
35.0 
00.0 
05.0 
50.0 
75.0 
100.0 
150.0 
200.0 
250.0 
300 . 0 
000.0 
500.0 
500.0 


FREQUENCY 


Threshold  ~  Mean  +  3.00  a 
Wavelength  =  3.0  -  4.2  yci 
Mean  =  314.05  Kelvin 
a  =  18.86  Kelvin 


TOTAL  NUMBER  OF  ELLIPTICAL  AREAS  -  3 11 

31  FEATURES  WITH  AREAS  LESS  THAN  6.00  80.  METERS  WERE  ALSO  RECOGNIZED 


BY  PERIMETER 


METFR3 


FREQUENCY 


6V  SHAPE 

shape  Factor  frequency 


0 

TO 

7 

0 

TO 

22 

0 

0.0 

TO 

1.0 

0 

7 

TO 

10 

22 

‘0 

32 

0 

1.0 

TO 

1.1 

0 

10 

TO 

12 

32 

.'0 

3R 

0 

1.1 

TO 

1.2 

6 

12 

TO 

la 

3R 

TO 

05 

3 

1.2 

10 

1  .3 

3 

io 

TO 

lb 

05 

TO 

5? 

6 

1  •  3 

TO 

1  .a 

0 

1  6 

TO 

17 

52 

TO 

55 

0 

l.« 

TO 

1 .5 

0 

17 

TO 

20 

55 

TO 

65 

5  • 

1.5 

TO 

1.6 

2 

20 

in 

22 

bS 

TO 

72 

0 

1.6 

TO 

1.7 

2 

22 

in 

20 

72 

TO 

78 

0 

1  .7 

TO 

1.8 

1 

20 

TO 

2b 

76 

TO 

65 

2 

1.6 

TO 

I .  R 

2 

2b 

TCI 

26 

65 

TO 

R  1 

0 

1  .7 

TO 

2.0 

1 

?fl 

TO 

30 

01 

TO 

06 

2 

2.0 

TO 

2.0 

3 

3  0 

TO 

32 

06 

TO 

100 

1 

2.0 

TO 

2.6 

3 

32 

TO 

3V 

100 

TO 

127 

1 

2  .  b 

TO 

2.0 

2 

30 

TO 

05 

127 

Tn 

107 

1 

2.6 

TO 

3.0 

0 

05 

TO 

55 

1-»7 

TO 

180 

2 

3.0 

TO 

3.5 

2 

55 

TO 

71 

160 

TO 

232 

1 

3.5 

HI 

0.0 

1 

71 

TO 

100 

23? 

TO 

328 

5 

O.C 

TO 

0.5 

1 

OVER 

100 

OVER 

328 

5 

OVER 

0.5 

1 
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HUME2  (Water  Glints) 


DISTRIBUTION  OF  ELLIPTICAL 


ev  area 

SUUAHt  METERS  FREQUFNC 


S .  o 

Til 

10,0 

2 

10.0 

TO 

13.0 

1 

15.0 

TO 

20.0 

3 

<*0.0 

TO 

23,0 

2 

25.0 

TU 

30.0 

0 

30.0 

TO 

33.0 

1 

■>5.0 

TO 

NO  .  0 

1 

00.0 

TO 

03.0 

0 

85.0 

TO 

So.o 

t 

so.o 

Tu 

7  3.0 

\ 

75.0 

TO 

100.0 

\ 

1  0  rt  .  0 

TO 

130.0 

A 

130.0 

TO 

200.0 

0 

i  0  ■'  .  0 

TO 

230.0 

0 

250.0 

TO 

-30  0  .  a 

n 

3d  0.0 

TO 

400 . 0 

0 

o  o  o .  o 

TO 

300 . 0 

\ 

(.TVER 

300.0 

? 

TOTAL  NUMBER  OF  EIXirVXCAL  ARFAS  -  16 

IS  FEATURES  ,.1IH  AREAS  LESS  THAN 


AREAS  GREATER  THAN  THRESHOLD 

Threshold  =  Mean  +  2.50  a 
*  Wavelength  -  4.5  -  5.5  uin 
Mean  =  290.83  Kelvin 
o  =  2.72  Kelvin 


.00  30.  M'TFNS  WE  Mt  ALSO  RECUGNl ZFO 


9Y  PERIMETER  SY  Shape 


METERS 

FEFT 

frequency 

Shape 

:  factor 

FKF.UUENCV 

■  ) 

0  TO 

7 

0 

TO 

22 

0 

0.6 

TU 

1  .0 

0 

i 

7  TO 

1  0 

22 

TO 

32 

0 

1  .0 

TO 

1  .  1 

u 

-4 

10  TO 

12 

32 

TO 

39 

0 

1 , 1 

TO 

1  .2 

0 

| 

1  2  Til 

18 

39 

TO 

83 

0 

1  .2 

TO 

1.3 

1 

i 

10  TO 

1> 

05 

TO 

52 

0 

1.3 

TO 

l.« 

1 

1 

16  TO 

1  7 

32 

10 

53 

0 

1  .9 

TO 

1.5 

1 

17  TO 

20 

55 

TO 

63 

u 

1  .5 

TU 

1.6 

h 

i 

20  TO 

22 

65 

TO 

72 

2 

1  .6 

TO 

1.7 

0 

i 

22  TO 

20 

72 

TO 

7(1 

0 

1  .7 

TO 

1 . 8 

0 

2  0  TO 

c.  6 

73 

TO 

83 

0 

1  .« 

To 

1.9 

*i 

■  ~ 

26  10 

20 

AS 

TO 

9  1 

1 

1  .° 

TU 

2,0 

0 

20  TO 

30 

9  1 

TO 

98 

1 

2.0 

TO 

2.8 

0 

* 

3  0  TO 

32 

9R 

TO 

1  08 

1 

2.8 

TO 

2.6 

1 

32  in 

39 

1  00 

TO 

127 

1 

2.6 

10 

2.6 

0 

39  TO 

03 

127 

To 

1«' 

0 

2.8 

TO 

3.0 

0 

03  TO 

33 

1  0  7 

TO 

180 

2 

3,0 

TO 

3.3 

t1 

2 

33  TO 

71 

180 

TO 

232 

0 

3.5 

TO 

8 . 0 

0 

=i 

7  1  TU 

100 

232 

TO 

328 

1 

8.0 

TO 

8.5 

u 

"i 

OVER 

100 

OVER 

326 

3 

ove  k 

8.3 

(1 

i 

I 


Tecim 


HUME2  (Water  Glints) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


SQUARE  HETEHS 


6, 

.  n 

TO 

1  0  ,  0 

? 

1  0  . 

.0 

TO 

I  5.0 

? 

IS, 

,o 

TO 

?0 .0 

i 

ao , 

.0 

TO 

PS.O 

i 

2S, 

,0 

TO 

3  0 , 0 

0 

30. 

,  0 

TO. 

3S,  ft 

ft 

IS, 

,  0 

TO 

«0,0 

ft 

aft  , 

,  0 

TO 

us.o 

ft 

US, 

a  n 

TO 

5  o.o 

ft 

so , 

1  o 

T  J 

75.0 

0 

7  S , 

>  o 

TO 

1  OO.d 

ft 

100, 

►  0 

TO 

1  So. ft 

0 

ISO, 

,  0 

TO 

2  0  0  .  u 

0 

POO, 

,  0 

TO 

P  S  0 . 0 

1 

P  S  0 , 

.0 

■>  n 

30  0.1) 

0 

300  , 

,0 

TO 

a  ft  u .  ft 

0 

ago, 

.0 

Til 

SO  0,(1 

0 

nvE.H 

soo.o 

?. 

*  Threshold  =  Mean  +  3.00  o 

frequency  Wavelength  =  4.5  -  5.5  nm 
Mean  =  290.83  Kelvin 

? 

?  a  -  2.72  Kelvin 


TOTAL  NUMBER  Ot  ELLIPTICAL  AREAS  -  9 

17  ELAT  (IRE  S  WITH  AREA3  USS  THAU  fl.00  SO,  METERS  WERE  ALSO  RECUGNWEU 


RY  PERIMETER 


meters 


FRFOUEnCY 


HY  SMAPF 


SHAPE  EACUIW  frequency 


0  TO 

7 

0 

TO 

22 

0 

ft. ft 

TO 

1.0 

0 

j 

7  TO 

1  0 

22 

Til 

32 

ft 

l.ft 

Til 

1  .  1 

0 

4 

10  TO 

IP 

32 

TO 

39 

0 

1.1 

TO 

1  .2 

l 

-= 

IP  TO 

i  a 

39 

TO 

as 

0 

1  .? 

1U 

1.3 

T 

jj 

la  to 

16 

as 

TO 

S2 

2 

1.3 

Tl) 

1  .a 

1 

16  TO 

17 

SP 

Til 

SS 

0 

1  .« 

TO 

1  .s 

1 

l 

17  TO 

20 

SS 

TO 

6b 

2 

1  .s 

Tu 

1  .6 

1 

20  TO 

PP 

AS 

TO 

72 

1 

'  .6 

TO 

1.7 

0 

Pp  TO 

Pa 

72 

TO 

76 

0 

1  .7 

TO 

1  .u 

1 

7 

Pa  TO 

26 

76 

TO 

RS 

1 

' .  R 

TO 

1  .9 

0 

% 

26  TO 

26 

as 

TCI 

9  1 

0 

1  .9 

TO 

2.0 

1 

2fl  TO 

30 

91 

To 

96 

0 

2. ft 

III 

2. a 

1 

30  TO 

32 

9  R 

Til 

1  oa 

0 

?.R 

TO 

2.6 

0 

3P  TO 

39 

1  oa 

TO 

127 

0 

2.6 

TO 

2.6 

y 

i 

39  TO 

as 

1  27 

TO 

1  a  7 

0 

2.R 

Til 

3.0 

l 

as  TL) 

SS 

|  67 

TO 

1  fto 

0 

3 .  ft 

TO 

3 ,  S 

0 

i 

SS  TO 

71 

l  eo 

Til 

232 

0 

3  ,  S 

TU 

a.O 

0 

= 

71  TO 

100 

232 

TO 

3?6 

0 

ft,  ft 

TO 

a.S 

0 

4 

OVER 

100 

OVER 

32t) 

3 

nvf  r 

a.S 

0 

3.10-45 


0  0  « 

o  /  <£jfc> ,  o 

875  ft  - 


Area;  Hl'M2  (Wavelength  =  9.0  -  11.4  um) 
Temperature  Threshold  =  Mean  +  1,00  o 
Mea:i  =  288.46  Kelvin 
Std.  Dev.  =  o  -  0.65  Kelvin 
EQUIVALENT  ELLIPTICAL  AREAS  -  WATER  GLINTS 


3.JO-A6 


2p 


HUME2  (Water  Glints) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


hY  AREA 


SQUARE  Mf  Tf.KS 


FREQUENCY 


Threshold  =  Mean  +  1 .00  a 
Wavelength  =  9.0  -  11.4  um 
Mean  =  288.46  Kelvin 


6.0 

T  0 

io.o 

30 

j 

10. n 

TU 

1S.0 

7«  o  = 

0.65  Kelvin 

lS.i> 

TU 

2  u  .  0 

20 

20.  o 

TU 

25.0 

0 

25.0 

TU 

30  . 0 

5 

5  0.0 

TU 

35.0 

a 

■  ■■  ----- -^1 

3  s .  n 

TU 

a  0.0 

0 

i 

ao.o 

TU 

AS  .0 

3 

AS.O 

TO 

50. n 

1 

_j= 

5  0.0 

TO 

75.0 

3 

7  5,0 

TU 

1  00 .0 

0 

2 

10  0.0 

TIJ 

1  5  0 , 0 

0 

j 

ISO  .0 

TO 

200.0 

2 

2  0  0 . 0 

TU 

2  7  •' .  0 

1 

2  5  o  .  0 

TU 

30  0.0 

1 

3  0  0.0 

Til 

a  (1  (i  .  0 

1 

a  0  0 . 0 

TU 

500.0 

1 

OVER 

500 . 0 

2 

L  NUMB! 

:k  of 

ELLIPTICAL  ALLAS  ■= 

120 

0  t  tA  HIRES 

w!lH  AREAS  LESS 

THAN  fi.00  86. 

meters  WERE  ALSU  RECUGNI7FD 

mETEHS 


bY  PEHJMtTER 

FEET 


FREQUENCY 


I1Y  S  >i  A  E  E 

shape  factor  frequency 


0 

TO 

7 

0 

Tli 

22 

0 

0.0 

TO 

1.0 

0 

7 

TU 

10 

22 

TlJ 

32 

0 

1  .0 

TO 

1 . 1 

0 

1  0 

TU 

12 

32 

TU 

39 

0 

1  .  1 

TU 

1.2 

H 

12 

TO 

1 0 

39 

Til 

as 

6 

1.2 

TO 

1.3 

7 

la 

TO 

lb 

aS 

TO 

52 

25 

1  .3 

T  i  > 

1 .  a 

29 

1  b 

TO 

17 

52 

Til 

55 

2 

1  .a 

TU 

1.5 

2 

17 

TO 

20 

55 

TO 

bS 

31 

1  .5 

T  U 

1 .6 

1  5 

20 

TU 

22 

65 

TlJ 

72 

1  0 

1  .6 

TO 

1  .7 

a 

2  2 

TO 

?.« 

7? 

Tn 

7  h 

1 

1  .  7 

TO 

1.8 

?u 

20 

in 

2b 

7  ft 

TU 

OS 

7 

1  ,H 

Til 

1.9 

1 

2b 

TO 

2tt 

05 

TU 

R  1 

5 

1.9 

TO 

2.0 

b 

20 

10 

3  0 

5  1 

TU 

9  U 

a 

7,0 

Tli 

2.0 

1  3 

30 

TO 

3  2 

Ofl 

TO 

1  oa 

0 

7. a 

TU 

2  .  b 

3 

32 

111 

39 

ioa 

TO 

177 

n 

7.6 

TU 

2.0 

39 

TO 

OS 

127 

TU 

1  a  7 

a 

?.H 

TU 

3.0 

0 

0  5 

TO 

ss 

107 

TU 

I  00 

3 

7,0 

TU 

3.5 

0 

55 

Til 

7  1 

100 

TU 

232 

a 

3.5 

TU 

a.O 

l 

71 

TO 

1  no 

232 

TU 

320 

2 

a.o 

TU 

0.5 

1 

uvlm 

100 

OVER 

3?b 

h 

OVER 

a.  5 

a 
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HUME2  (Water  Glints) 

DISTRIBUTION  OF  ELLIPTICAL  AREAS  GREATER  THAN  THRESHOLD 


BY  AUfA 


SQUAWt 

METERS 

FHf  fji'ENC  Y 

S.p 

Tu 

10.0 

0 

1  ft  .  0 

III 

15.0 

0 

JS.O 

TO 

?  u  .  0 

0 

?  o ,  o 

Tu 

?3.0 

0 

ps.o 

TU 

30 . 0 

0 

30.0 

TO 

33.0 

0 

33.  n 

TU 

0  0.0 

0 

a  0 . 0 

TU 

as.') 

0 

as .  o 

TU 

So.o 

0 

so ,  0 

T  1 

7S.fi 

0 

7  5 ,  o 

TU 

100.  u 

0 

1  o  0  .  1 

TU 

1  5ft.  Cl 

0 

1  S  0  ,  u 

TU 

2  0  0 . 0 

0 

?.  0  0  .  A 

TO 

A50." 

0 

P  3  0 , 0 

TO 

30  3.1' 

0 

3  7'),  0 

TO 

«  0  0 . 0 

ft 

AUK,  il 

TO 

ST'W.  o 

0 

OVER 

500.0 

1 

Threshold  -  Mean  +  2.00  c 
Wavelength  =  9.0  -  11.4  uni 
Mean  =  288.46  Kelvin 
c  =  0.65  Kelvin 


TOTAL  KVMBER  OF  ELLIPTICAL  APIS'. S  -  ' 

1  Ft*  T'JWf  S  wIIH  AFFAS  Lt  S3  TmaN  P. no  SO,  “FTt^S  ALSO  tJtCUf.'v  1 2F.0 


METERS 


BY  PfeHI«ETtR 
r'FL  I 


riv  Shaft 


FREOUtfCY 


SHAFt  fALTOF  FRt'.i.'ENCY 


1) 

TO 

7 

0 

T IJ 

?P 

0 

7 

Til 

10 

?? 

7  f; 

3  P 

0 

10 

TO 

IP 

3? 

Tn 

30 

0 

1  2 

TO 

1  a 

3R 

TO 

US 

0 

1  a 

T  1 1 

1  6 

aS 

Tu 

5? 

0 

1 6 

TO 

1  7 

5? 

H' 

55 

0 

1  7 

TU 

PO 

55 

Tf, 

65 

0 

PO 

in 

?p 

65 

TU 

7? 

0 

pp 

TU 

?u 

7  P 

T  U 

7h 

0 

Pa 

tu 

?b 

7fl 

TIJ 

Vi 

0 

PL 

T  0 

PM 

MS 

Til 

FI 

0 

PB 

TO 

30 

a  1 

TO 

FM 

0 

3  0 

TO 

3P 

F« 

Til 

1  ft" 

0 

3  p 

TO 

3V 

1  ou 

TU 

1  ?7 

0 

IF 

TO 

a  5 
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APPENDIX  A 

THE  MULTISPECTRAL  SCANNER* 


Two  multispectral  scanner  systems  have  been  in  use  at  ERIM  since 
1968.  The  M-7  scanner  was  used  at  the  time  the  Flint,  Baltimore, 
and  Mill  Creek  data  were  generated  while  its  predecessor  the  M-5  scan¬ 
ner  was  used  in  gathering  the  Pisgah  Crater,  Black  Hills,  and  Mono 
Lake  data.  All  data  subsequent  to  these  were  collected  with  the  M-7. 

The  two  seiners  are  similar  so  that  only  the  M-7  is  discussed  in 
detail. 

The  M-7  scanner,  covering  a  wavelength  range  from  0.33  to  14.0 
micrometers,  can  operate  in  up  to  19  different  bands  of  the  ultra¬ 
violet,  visible,  and  infrared  regions.  Of  these  bands,  12  can  be 
selected  for  tape  recording  at  any  one  time.  As  many  as  five  separate 
radiation  reference  sources  may  be  recorded  sequentially  along  with  the 
ground  video  once  each  scan  line.  The  total  system,  including  boresight 
cameras,  is  usually  operated  in  a  Douglas  C-47  aircraft. 

The  simplified  diagrams  of  Figure  A.l  illustrate  a  typical  line 
scanner  and  Its  methods  of  airborne  use.  As  shown  in  the  optical  sche¬ 
matic  at  the  top  of  the  figure,  the  scanner  basically  consists  of  an 
optical  telescope  with  its  narrow  field  of  view  redirected  by  a  rotating 
flat  mirror.  This  mirror  causes  the  system  to  scan  in  a  plane  perpen¬ 
dicular  to  the  longitudinal  axis  of  the  aircraft.  A  radiation  detector 
in  the  focal  plane  of  the  telescope  converts  the  focused  beam  of  radia¬ 
tion  to  an  electrical  signal.  The  optical  system's  field  of  view 
(ground  resolution  element)  first  scans  laterally  across  the  aircraft 
ground  track  through  an  opening  in  the  bottom  of  the  aircraft.  Then 
before  making  the  next  ground  scan,  it  scans  radiation  references 

A 

The  ERIM  Airborne  Multispectral  Data  Collection  is  described  in  the 
ERIM  190901-1-F  report  prepared  by  Philip  G.  Hasell,  Jr.  under  Contract 
NAS9-9304.  The  multispectral  scanner  is  described  here  in  order  to 
familiarize  the  reader  with  the  multispectral  scanner  system  used  to 
collect  the  data. 
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(not  shown)  which  ar^  internal  to  the  scanner.  By  the  time  the  next 
scan  begins,  the  aircraft  has  moved  forward;  thus  subsequent  line  scans 
build  upon  one  another  to  produce  a  continuous  strip  image  of  the  ter¬ 
rain  beneath  the  aircraft.  Figure  A.l  shows  the  scanner  looking  di¬ 
rectly  downward.  It  is  positioned  in  some  flights  to  obtain  similar 
data  while  looking  below  the  horizon  by  35  degrees. 

The  multispectral  scanner  evolved  from  this  single-channel  scanner 
concept.  This  evolution  required  replacement  of  the  single  detector 
element  with  a  system  of  beamsplitters,  dispersing  optics,  and  spectral 
filters.  Figure  A. 2  shows  the  optical  configuration  of  the  current  M-7 
multispectral  scanner.  A  key  feature  in  this  design  is  its  flexibility 
for  accepting  different  radiation  reference  sources  and  new  detector 
assemblies.  Weight  and  space  savings  were  sacrificed  to  provide  this 
flexibility,  which  allows  increased  opportunities  for  adaptation  to  a 
diverse  number  of  data  gathering  modes.  Such  flexibility  is  an  impor¬ 
tant  attribute  for  a  general-purpose  experiment  system. 

The  radiation  intercepted  by  the  five- inch  diameter-collecting 
aperture  is  directed  into  the  Dall-Kirkham  telescope,  which  has  a 
three- inch  diameter  secondary  mirror.  Tne  incoming  radiation  prevented 
from  entering  the  telescope  by  this  secondary  mirror  is  directed  upward 
by  a  folding  mirror  to  Detector  Vosition  1.  This  three-inch  diameter 
collecting  aperture  operates  over  the  broad  band  of  0.3  to  14  - 0  pm. 

To  provide  thermal  data  at  this  position,  a  focusing  lens  designed 
for  the  8.0-14.0  pm  band  is  used  in  comb i nation  with  a  cooled  HgCdi'e 
detector.  A  dichroic  mirror  mounted  "head  of  this  lens  diverts  ultra¬ 
violet  and  visible  radiaLion  onto  a  photomultiplier  detector  which  is 
filtered  so  the  energy  it  receives  for  recording  is  restricted  to  a  nar¬ 
row  preselected  band. 
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FIGURE  A.  2  OPTICAL  SCHEMATIC  OF  ERIM  EXPERIMENTAL  MULTISPECTBAL  SCANNER,  M-7 


The  radiation  collected  by  the  effective  four-inch  aperture  of  the 
Dall-Kirkham  telescope  is  folded  into  a  dichoric  mirror  which  reflects 
radiation  below  1.0  pm  but  transmits  that  of  longer  wavelengths.  The 
radiation  thus  transmitted  is  focused  onto  three  separately  filtered 
indium  arsenide  detector  elements  in  Position  2  by  a  lens  achromatized 
for  the  1.0  to  2.6  pm  region.  This  dichroic  and  lens  can  be  readily 
changed  for  different  detector  configurations. 

Radiation  at  wavelengths  shorter  than  1.0  pm  is  focused  onto  the 
entrance  slit  of  a  prism  spectrometer  at  Detector  Position  3.  The 
spectrometer  divides  and  directs  visible  and  near-lnfared  radiation 
through  a  fiber-optic  image  slieer  to  as  many  as  12  photomultiplier 
tubes.  (In  the  current  configuration  the  radiation  goes  to  nine  separ¬ 
ate  photomultipliers.) 

The  radiation  reference  sources  are  positioned  in  line  with  the  scan 
mirror,  so  that  each  source  is  "seen"  and  registered  sequentially  once 
each  scan  line.  Currently,  five  reference  sources  are  being  used:  an 
NBS  lamp  packaged  to  simulate  a  point  source;  one  ambient  and  two 
temperature-controlled  graybody  thermal  references  that  fill  the  col¬ 
lecting  aperture;  and  a  sky  illumination  reference  consisting  of  an 
opal  glass  diffusing  plate  mounted  in  the  top  of  the  aircraft.  Through 
electronic  control  of  the  lamp  and  graybodies  and  by  means  of  atten¬ 
uating  optical  filters  for  the  sky  illumination,  the  radiation  from 
all  but  the  ambient  temperature  reference  sources  is  under  operator 
control.  During  data  collection,  all  internal  sources  are  monitored 
and  recorded  manually  by  the  operator.  To  assure  their  validity  as 
references,  these  sources  are.  calibrated  periodically  against  external 
standards  in  the  laboratory. 

The  complete  airborne  scanner  system  is  diagrammed  in  Figure  A. 6. 
Terrain  radiation  enters  the  scanner  at  the  bottom  left;  radiation 
detectors  in  the  scanner  assembly  register  this  input  along  with  that 


of  the  reference  sources.  The  electrical  signals  comprising  detector 
video  outputs  are  amplified  in  preamplifiers  before  being  transmitted 
to  the  operator  console  where  the  operator  monitors  them  and  adjusts 
amplifier  gain  to  the  proper  level  for  tape  record ung.  To  confirm 
satisfactory  recording,  he  is  also  able  to  monitor  signals  reproduce^ 
from  the  tape  record.  The  system  linearly  transforms  input  radiation 
to  voltage  analogs  which  are  recorded  on  the  magnetic  tape.  The  scan¬ 
ner  system  can  generate  video  signals  in  up  to  19  different  spectral 
bands  over  a  wavelength  range  extending  from  0.33  to  14.0  pm.  Any  12 
of  these  bands  may  be  digitally  tape  recorded  at  any  one  time  on  a 
14-track  tape  machine;  the  other  two  tape  recorder  tracks  are  used 
for  housekeeping  purposes. 

Figures  A. 3  through  A. 5  show  the  actual  relative  spectral  response 
of  the  ileLectoi ! filter  combinations,  as  measured  by  the  supplier,  that 
have  been  used  in  collecting  the  data  described  in  this  handbook. 

The  airborne  system  (Figure  A. 6)  also  includes  an  array  of  bore- 
sight  cameras  utilizing  various  film-filter  combinations.  These  aerial 
cameras  produce  film  records  often  useful  in  the  subsequent  analysis 
of  the  scanner  data. 

Electrical  voltage  representations  of  single  line  scans  for  the 
thermal  and  non-thermal  wavelength  bands  are  shown  in  Figure  A. 7. 

Note  chat  although  the  detectors  in  all  positions  view,  in  sequence, 
each  of  the  radiation  references  as  well  as  the  terrain  (see  "ground 
scan"),  only  the  graybody  references  apply  to  every  wavelength  band. 
These  graybody  references  (#1  and  It 2  and  thermal  ambient)  serve,  as 
temperature  calibration  sources  for  the  thermal  detectors  and  also 
as  a  dark  leval  source  for  the  shorter-wavelength  non-thermal  detec¬ 
tors.  The  remaining  sources  (lamp  and  sky)  serve  as  references  for 
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FIGURE  A. 5  SPECTRAL  RESPONSE  OF  LONG  HAVE  IR  DETECTOR/F 


FIGURE  A.(i  EK1M  KXI’EK  1  MENTAL  MUI.T1  SI’KCTRAI.  SCANNER  SYSTEM 
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the  non-thermal  bands  (as  shown).  For  indexing  purposes,  synchroniza¬ 
tion  references  are  generated  by  the  scanner  and  recorded  with  the  video 
signals.  The  marker  pulse  refers  to  the  scan  position  relative  to  the 
internally  mounted  radiation  references;  the  roll-stabilized  pulse 
refers  to  ground  scan  nadir  with  aircraft  roll  motion  removed. 

Table  A.l  lists  significant  parameters  of  the  M-7  scanner  system. 
The  scanner  views  the  terrain  during  90°  of  its  scan,  providing  an 
external  field  of  view  (FOV)  +45°  from  nadir.  A  nominal  0.1°C  NEaT 
and  a  1%  NEAp  are  achieved.*  The  system  operates  at  either  of  two 
constant  scan  speeds  —  60  or  100  scans  per  second.  Electronic  band¬ 
width  is  limited  by  digital  sampling.  Table  A. 2  identifies  those 
detector  assemblies  currently  in  use  with  the  system.  Where  there 
is  a  choice  of  detectors,  the  first-listed  unit  is  the  one  commonly 
used . 

The  M-5  scanner,  shown  schematically  in  Figure  A, 8,  is  a  double- 
ended  scanner  using  a  double  "axe-blade"  scanning  mirror  to  direct 
radiation  to  the  two  ends.  In  most  respects  it  is  the  same  as  the 
M-7  except  that  the  data  collected  from  the  two  ends  of  the  scanner 
are  90°  out  of  phase.  Two  M-5  scanners  in  the  aircraft  were  used  to 
collect  data.  Essentially  the  same  detector  assemblies  were  used  with 
the  M-5  as  are  used  with  the  M-7  system.  One  M-5  scanner  was  used  to 
collect  niultispectral  data  in  the  visible  and  near  infrared.  Calibra¬ 
tion  lamps  were  added  in  the  scanner  housing  which  did  not  restrict 
the  f ic.ld-of-view  below  the  aircraft..  Another  M-5  scanner  was  used  to 
collect  thermal  data,  and  "hot"  and  "cold"  grayl ody  thermal  references 
were  added  at  the  scanner  aperture  so  the  thermal  IR  channels  could  be 
calibrated.  These  thermal  plates  extended  into  the  field  of  view  of 
the  scanner  below  the  aircraft  so  that  the  video  was  limited  to  approxi¬ 
mately  +20°  from  nadir. 

rt 

NEAT  --  Noise  Equivalent  change  in  temperature. 

NEAp  =  Noise  Equivalent,  change  in  reflection. 
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TABLE  A. 1  M-7  SCANNER  PERFORMANCE  CHARACTERISTICS 


12  Spectral  Bands  in  UV,  Visible  and  IR  Regions 
90°  External  FOV  (+45°  from  nadir) 

2  mrad  Maximum  Spatial  Resolution 
0.1°C  Nominal  Thermal  Resolution 
1%  Nominal  Reflectance  Resolution 
Five  Radiation  Reference  Ports 
Five-Inch  Diameter  Collector  Optics 
Scan  Rate  of  60  to  100  scans  per  second 
DC  to  90  kHz  Electronic  Bandwidth 
Roll-Stabilized  Imagery 
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DATA  PROCESSING  AND  CALIBRATION 

The  digital  multispectral  scanner  data  selected  for  terrain  back¬ 
grounds  statistical  analysis  are  converted  to  high-density  digital 
tapes.  The  general  preprocessing  procedure  used  to  create  calibrated 
data  tapes  is  discussed  in  Section  B.l  with  a  detailed  discussion  of 
the  procedures  used  for  each  scene  being  presented  in  Section  B.2. 

The  corrections  for  overlap  and  unequal  fields  of  view  are  described 
in  Section  B.3 

B.l  PREPROCESSING  OF  SCANNER  DATA 

Each  data  value  is  recorded  as  an  eight-bit  integer  ranging  in 
value  from  0  to  255.  Each  channel  (wavelength  band)  is  recorded  on 
a  separate  tape  channel  and  the  amplifier  gains  adjusted  so  that  all 
data  values  usually  fall  in  the  0-255  range  with  saturation  occurring 
occasionally.  The  scan  lines  for  a  single  M-7  scanner  channel  or 
reflective  1R  M-5  scanner  channel  consist  of  790  data  points  of  which 
the  first  646  are  scene  elements  (pixels)  covering  the  range  -45°  to 
+45°  with  respect  to  nadir  whi?e  the  remaining  144  points  are  calibra¬ 
tion  values,  24  data  points  for  each  of  six  calculation  sources.  For 
the  thermal  M-5  scanner  channels,  the  scanner  elements  cover  pixels 
162  to  484  with  pixels  1-161  and  485-646  being  used  for  the  graybody 
thermal  sources. 

Before  the  scanner  data  may  be  used  to  generate  scene  statistics 
some  preprocessing  is  required; 

1.  The  high-density  digital  tapes  must  be  converted  to  computer- 
compatible  tapes. 

2.  Each  channel  must  be  calibrated  in  temperature  or  radiance 
using  the  calibration  data  at  the  end  of  each  scan  line. 
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3.  Averaging  was  employed  to  reduce  oversampling  and  to  equalize 
any  differences  in  the  fields  of  view  of  the  various  detectors. 

4.  A  set  of  calibrated,  formatted  tapes  must  be  generated. 

The  first  of  these  processes,  conversion  of  high-density  tapes 
to  computer-compatible  tapes ,  is  accomplished  using  the  conversion 
facilities  at  ERIM's  Earth  Resources  Data  Center.  The  result  of  this 
conversion  process  is  a  low-density  (800  or  1600  bpi)  tape  for  each 
of  the  scenes  desired.  Using  these  tapes,  the  remainder  of  the  pre¬ 
processing  (2,  3,  and  4)  is  performed  using  a  computer  code  written 
for  the  University  of  Michigan's  AMDAHL  computer  system.  It  is  the 
set  of  calibrated  tapes  generated  from  this  code  that  is  used  for  all 
image  processing. 

The  data  values  appearing  on  the  calibrated  tapes  are  themselves 

integers,  ranging  from  0  to  255,  but  these  integers  have  been  modified 

so  that  a  linear  relationship  exists  between  them  and  the  apparent 

scene  radiance  or  temperature.  The  data  in  the  near-IR  channels  are 

2 

converted  to  equivalent,  radiance  ,:n  pW/cm  -sr-pm).  The  equivalent 
radiance  is  the  value  of  the  spectral  radiance  at  the  center  wave¬ 
length  of  the  filter  produced  by  a  2850  K  NBS  lamp  source  filling  the 
sensor  aperture  and  giving  the  same  detector  response.  The  data  in 
the  thermal  IR  channels  are  converted  to  apparent  temperature  in  degrees 
Kelvin.  The  apparent,  temperature  is  the  temperature  of  a  blackbody 
filling  the  sensor  aperture  producing  the  same  detector  response.  A 
table  of  apparent  temperatures  and  their  corresponding  band  radiances 
is  included  as  Table  B.l  in  Section  B.2.  The  radiance  (or  tempera¬ 
ture)  is  recovered  from  the  integer  data  values  using  multiplicative 
and  additive  factors  recorded  in  the  tape  header  record  for  each 
channel.  These  "mult"  and  "add"  factors  are  determined  from  the 
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calibration  sources  appearing  at  the  end  of  each  scan  line  assuming 
a  linear  relationship  between  radiance  and  detector  output  (see 
Section  B.2).  For  channels  calibrated  in  radiance,  the  integer 
values  on  the  calibrated  tape  differ  from  those  on  the  original 
computer-compatible  tapes  by  at  most  a  zero-level  correction.  For 
channels  calibrated  in  temperature,  however ,  the  new  integers  are 
distinctly  different  from  the  original  values  since  those  on  the 
calibrated  tape  are  linear  in  temperature  while  those  on  the  origi¬ 
nal  tape  are  proportional  to  radiance. 

Averaging  is  employed  to  reduce  oversampling  and  to  equalize 
differences  in  the  fields  of  view  of  the  various  detectors.  The 
degree,  of  oversampling  is  generally  largest  in  the  along-track 
direction  because  of  the  etto^tant  (60/sec)  scan  rate.  The  degree 
of  oversampling  in  the  cross-track  direction  is  small  in  almost  all 
of  the  data  because  a  3.8  x  10^ /sec  sampling  rate  is  used  to  produce 
a  sample  as  large  as  2.5  mr  to  correspond  to  the  2.5  mr  cross-track 
field  of  view  of  most  of  the  detectors.  The  technique  that  has  been 
used  for  averaging  lines  to  reduce  oversampling,  rather  than  dropping 
an  appropriate  number  of  alternate  lines,  was  developed  for  two 
reasons:  (1)  to  Improve  the  signal-to-noise  ratio  in  the  resulting 

data,  and  (2)  to  equalize  any  differences  in  the  along-track  fields 
of  view  of  the  various  detectors  for  calculating  the  spectral  corre¬ 
lation  coefficients.  The  same  averaging  technique  can  be  used  to 
reduce  any  overlap  in  the  cross-track  direction  and  to  equalize  any 
differences  in  the  cross-track  fields  of  view  of  the  various  detec¬ 
tors,  but  cross-track  averaging  was  not  found  to  be  necessary  in 
any  of  the  data.  Figure  B.l  is  a  schematic  representation  of  the 
procedure  used  (Section  B.3).  In  this  example,  D  is  the  largest 
along-track  field  of  view  of  the  channels  and  d  the  field  of  view 
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FIGURE  B.l  SCHEMATIC  REPRESENTATION  OF  THE  PROCEDURES 
FOR  FIELD-OF-VIEW  AVERAGING 
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of  the  channel  being  averaged.  The  averaging  is  done  by  summing  the 
radiances  of  the  scan  line  times  their  overlap  with  the  desired  out¬ 
put  line  and  dividing  by  the  sum  of  the  overlap  factors.  If  the 
scan  lines  for  the  largest  field  of  view  are  themselves  overlapped, 
non-over lapped  fields  of  view  are  generated  by  taking  as  output  lines 
those  with  fields  of  view  D,  each  of  which  is  displaced  by  D  as  in 
the  right  side  of  Figure  B.l.  Overlap  factors  are  then  determined 
in  an  identical  manner  between  the  original  scan  lines  with  field 
of  view  D  and  this  set  of  non-over lapped  output  lines. 

After  calibration  and  field  of  view  averaging,  a  new  data  tape 
is  generated.  To  be  compatible  with  existing  data  processing  sys¬ 
tems,  this  tape  is  written  in  ERIM-7094  format  which  consists  of 
36-bit  words  each  of  which  contain  four  data  vali ec  The  individual 
scan  lines  are  written  with  the  channels  interleaved  with  646  nine-bit 
data  points  per  channel  per  scan  line.  The  "mult"  and  "add’’  factors 
required  for  calibration  of  the  data  are  written  in  the  tape  header 
record  along  with  necessary  format  information.  These  tapes  are  then 
used  directly  as  Input  to  new  or  existing  statistics  generation  pro¬ 
grams  . 

B.  2  CALIBRATION  OF  SCANNER  DATA 

As  discussed  in  Section  3.1,  output  from  the  ERIM  scanners  is  in 
the  form  of  digital  tapes  in  which  the  data  values  are  represented  by 
integers  ranging  in  value  from  0  to  255.  At  the  end  of  each  scan  line 
a  set  of  calibration  sources  Is  scanned  and  the  integers  observed  for 
these  sources  are  used  to  calibrate  the  data  in  apparent  radiance  or 
temperature.  The  resulting  calibrated  tape  also  represents  the  data 
as  integers  but  these  integers  are  adjusted  so  that  they  are  linear 
in  radiance  or  temperature  and  a  set  of  multiplicative  and  additive 
factors  are  used  to  convert  these  integer  values  to  the  appropriate 
units . 
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The  calibration  sources  scanned  once  per  scan  line  are:  controllable 
temperature  "hot"  and  "cold"  plates;  an  ambient  temperature  plate;  a 
visible-near-IR  lamp;  an  ultraviolet  lamp;  and  a  sun  sensor.  The  visible- 
reflective  1R  channels  (approximately  0.4  pm  to  3.0  pm)  are  generally 
calibrated  in  radiance  using  the  visible-near- 1R  lamp  as  a  radiance 
standard  and  the  "ambient"  plate  a c  a  dark  level  reference.  If  a  linear 
relationship  is  assumed  between  radiance  and  detector  output,  the  apparent 
radiance  of  the  target  (the  radiance  observed  at  the  scanner  aperture)  is 
given  by 


(B-l) 


wh  rc 

Vrj,  -  The  integer  value  observed  for  the  target 

=  The  integer  value  observed  for  the  ambient  plate 

=  The  integer  value  observed  for  the  lamp 

L  =  The  radiance  of  the  ramp  at  the  center  of  the  bandpass 

of  the  channel  to  be  calibrated 

I.  -  The  ambient  rauiance  at  the  center  of  the  bandpass  of 
the  channel  to  be  calibrated 


and  L*  is  the  apparent  radiance  of  the  target  which  is  related  to  the 
actual  target  radiance  as 


lt  "  Vp  +  Lr 


(B—  2 ) 


where  i  is  transmission  of  tiie  intervening  path  and  the  radiance 
ot  this  path. 
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The  lamp  radiance  in  Equation  B-l  is  obtained  from  a  calibration 

of  the  visible-near-IR  lamp  using  an  NBS  standard  lamp  while,  the  ambient 

radiance  L.  la  taken  as  the 
A 

with  emissivity  given  by 


radiance  L,  la  taken  as  the  radiance  of  the  ambient  temperature  plate 
A 


T  FB  , .  .  ,.BB 

eA^A  ^  EA 


(B-3) 


where  the  first  term  is  the  radiance  emitted  from  the  plate  and  the 

second  term  the  surrounding  radiance  reflected  from  this  plate.  Since 

the  ambient  temperature  plate  and  its  surroundings  are  at  the  same 

BB 

temperature,  this  equation  simply  gives  LA  equal  to  or  ihe  radiance 
of  a  blaekbody  at  ambient  temperature. 

Equation  B-l  is  then  written  in  terms  of  a  "mult”  and  an  "add" 
factor  as 


4 


MULT  +  ADD 


(B-4) 


where 


MULT  -  W 


ADD  =  L 


EF 


WV. 


and 


W  =  <I.„  -  L ?E)/(V0  -  VA) 


(B-5) 


The  computer  program  used  for  calibration  initially  averages  the 
integer  values  (bin  values)  of  the  calibration  sources  for  all  scan  lines 
in  the  image  and  outputs  a  mean  and  a  standard  deviation  for  them.  If 
the  standard  deviations  are  small  compared  to  the  mean  values  the  program 
allows  fo i  an  "average"  calibration  in  which  the  mean  bin  values  of 
and  are  used  in  Equations  B-4  and  B-5.  In  this  case  the  integer 
data  values  on  the  calibrated  tape  are  the  same  as  those  In  the  original 


E-7 


i  i 


tape;  only  "mult"  and  "add"  factors  are  evaluated  by  the  calibration 
procedure.  However,  11  the  standard  deviations  are  not  small  compared 
to  the  means,  indicating  a  drift  In  the  system,  a  "line-by-line"  cali¬ 
bration  is  required.  For  this  type  ol  calibration  values  of  V  and  V 

f.  A 

are  taken  from  the  on1 Ihrat Ion  sources  at  the  end  of  each  scan  line  and 
these  values  used  to  determine  "mult"  and  "add"  factors  from  Equation 
B-5.  These  factors  are  then  used  to  modify  the  integer  data  values  of 
a  given  scan  line  so  that  only  one  "mult"  and  "add"  factor  is  required 
for  the  total  image.  The  single  "mult"  and  "add"  factors  used  are  those 
determined  from  tin'  mean  ,  V  values  caul  the  modified  integer  data 
value  Is  taken  as 

,  V  *  MUI.T  +  AIM)  -  AIM) 

v  - :r_r -  (h-6) 

mui.t 

where  the  average  factors  are  MUI.T  and  AIM),  those  determined  for  each 

I 

line,  are  MULT  and  ADI),  and  V.j,  is  the  modified  Integer  data  value. 

The  long  wavelength  IK  channels  (\  >  3,0  urn)  are  calibrated  in 
temperature  anil  require  a  somewhat  more*  involved  calibration  procedure. 
Since  the  detector  output  is  proportional  to  radiance  and  not  temperature, 
the  lirst  step  in  the  process  is  to  relate  bln  value  (Integer  data  value) 
to  radiance,  as  in  the  reflective  IK  channels,  using  the  "cold"  plate 
as  h  dark  level  refeience,  the  "hot"  plate  as  a  radiance  standard,  ami 
the  "ambient"  plate  to  correct  for  ambient  radiation  levels.  If  a. 
linear  relationship  is  again  assumed  between  detector  output  and  radiance 
the  apparent  target  radiance  is  given  by  an  equation  identical  to  (B-l ) 
except  that  the  ambient  radiance  (I.  )  end  bln  value  (V.)  are  replaced 

by  those  tor  thM  "cold"  plate  (ly.  V(,)  anil  the  lamp  radiance  (1.  )  dial  bln 
vt.luo  (V  )  are  replaced  by  those  lor  the  "hot"  plate  (i.^,  V,p  : 
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ll 


V 


(H-7) 


In  tills  cns:  however  the  "hot"  plate  radiance  is  given  hy 


L 


11 


m 


,  lth 

lhlh 


+  (1  - 


1  n 


)  i 


BB 

'A 


(B-8) 


where  i  Is  the  emissivlty  ol  the  "hot"  plate,  1...  the  radiance  of  a 
** 

hlackhody  at  the  same  temperature  as  the  "hot"  plate,  ami  h.  the 
ambient  hlackhody  radiance.  Similarly,  the  "cold"  plate  radiance  is 
given  hy 


Vv. 


BB  +  <i  -  >c)  lT 


(H-9) 


In  both  ol  those  expressions  the  first  term  is  the  radiance  emitted  hy 
the  plate  while  the  second  term  is  the  nml>leni  radiance  reflected  hy  the 
plate. 

Substitution  of  Equations  B-8  and  h-9  into  (11-7)  and  taking  the 
plat  e  e.miss lvit  les  equal  gives 


(i 


i«B) 


O-io) 


This  equation  could  be  used  lor  calibration  but  the  ambient  radiance 
1,^*'  would  have  to  be  calculated  1  row  ambient  temperature  measurements. 
’Ibis  may  be  avoided  by  again  assuming  linearity  of  the  detectors  and 
t  ak 1 ng 


1 


11 B 
'A 
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(B-U) 


as  lor  l.]*  in  Equation  H-7.  Substituting  Equations  B-8  and  H-9  into  this 
expression  It  is  I  mind  that  many  ol  the  terms  cancel  and  the  ambient 
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radiance  is  given  by 


(B-12) 


where  all  radiances  are  now  blackbody  radiances  evaluated  at  the  plate 
temperatures.  Making  a  final  substitution  of  Equation  B-12  into 
Equation  B-10  and  rearranging  terms  gives 


LT  =  LCB  +  W  (<1  "  e)VA  "  V  +  eWVT  (B-13) 

where 


Equation  B-13  then  relates  the  data  bin  values  (V^,)  to  radiance  and  a 
second  transformation  is  required  to  convert  these  value.ft  to  temperature. 

The  compuvations  required  to  convert  radiance  to  temperature  have 
been  minimized  by  noting  that  the  radiance  values  are  bounded;  the  mini¬ 
mum  value  being  given  by  *=  0  and  the  maximum  by  =  255.  Using  this 
fact,  a  table  of  temperature  versus  radiance  is  constructed,  as  shown  in 
Table  B.l,  by  integrating  the  Planck  function  over  the  bandpass  of  the 
channel  to  be  calibrated  choosing  a  range  of  temperatures  sufficient  to 
cover  the  entire  radiance  range.  The  temperature  increments  in  this 
table  are  taken  small  enough  (,tl0C)  so  that  interpolation  may  be  used 
to  form  an  array  of  temperature  versus  data  bin  value  T(V^,)  for  all 
possible  biii  values.  it  is  this  array  which  is  then  used  to  directly 
convert  trie  uncalibruted  data  values  to  temperature. 

Unlike  the  radiance  data,  the  integer  values  appearing  in  the 
calibrated  images  for  the  thermal  channels  are  never  the  same  as  those 
of  the  original  image  aince  the  calibrated  values  are  now  proportional 
to  temperature  not  radiance.  This  new  set  of  integer  data  valuer  is 
scaled  from  0  to  255  using 
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TABLE  B. la  RADIANCE  FROM  3.0  -  4.2  MICRONS  IN  MICROWATTS/ (cm  .  sr) 


‘ 


I.  2 


Radiance 

0. 6503415+01 
0.  72623E+OI 
0. 80966E+01 
0 . 901 26F.+01 
0. 10017 E+02 
0.11116  F.+02 
0. 12318E+02 
0 . 1362915+0? 
0 . 1 5060E+02 
0.1661 7F+02 
0. 1 831015+02 
0 . 201 30 E+02 
0. 22145E+02 
0 . 24307E+02 
0. 26647E+02 
0 . 29176E+02 
0. 3190HK+02 
0. 34854E+02 
0. 3802815+02 
0. 4 16 4 5 E+02 
0. 4511915+02 
0. 49063E+02 
0,  3330015+02 
0. 5784015+02 
0. 62703E+02 
0.6  790615+02 
0.  73469F.+02 
0.7941015+02 
0.05751E+02 
0.9251215+02 
0.9971515+02 
0.10738E+03 
0 . 11 554E+03 
0.1 2421E+03 
0.1334115+03 
0.1431815+03 
0. 15353E+03 


Apparent  Temperature 

259 
261 
263 
265 
267 
269 
2  71 
273 
273 
277 
279 
281 
283 
285 
287 
289 
291 
293 
295 
297 
299 
301 
303 
305 
307 
309 

311 

ll 

317 

'319 

321 

323 

325 

327 

9  O  (J 

331 


HI  1 


TABLE  B.lh  RADIANCE  FROM  3.5  -  3.9  MICRONS  IN  MlCPOWATTS/cm 


Radiance 


;mperature  K 


0.21479E+01  259 

0.24074E+01  261 

0. 26937E+01  263 

0. 30089E+01  265 

0. 33555E+01  267 

0. 37360E+01  269 

0. 41531F.+01  271 

\  0. 46096E+01  273 

0.51087E+01  275 

0.56534E+01  277 

0.62472E+01  279 

0. 68935E+01  281 

0. 75963E+01  283 

0 . 83594E+01  285 

0.91 869K+01  287 

0. J0083E+02  289 

0.11053E402  291 

0. 12101E+02  293 

0. 13232E+02  295 

0. 14452E+02  297 

(J.15765E+02  299 

0.17178E+02  301 

0.18697E+02  303 

0.20327E+02  305 

0.22076E+02  307 

0. 23950E+02  309 

0.25955E+02  311 

0.28100E+02  313 

0.30392E+02  315 

0. 32838E+02  317 

0.35448E+02  319 

0. 38228E+02  321 

0.411878+02  323 

0. 44336K+02  325 

0. 47682K+02  327 

0.51 236E+02  329 

0. 55007E+02  331 


K-1.2 


T  ERIM 


TABLE  B.lc  RADIANCE  FROM  4.5  -  5.5  MICRONS  IN  MICROWATTS/ (cm 


Radiance 


arert  Temperature  K 


1 . 1129E+02 
1.1553E+02 
1 . 1989E+02 
1 . 2439E+02 
1 . 2903E+02 
1 . 3380E+02 
1 . 3872E+02 
1 . 4378E+02 
1.4898E+02 
1. 5434E+02 
1. 5985E+02 
1.6552E+02 
1. 7135E+02 
1. 7  734R+02 
1 . 8349E+02 
1 . 8982E+02 
1.9632E+02 
2 . 0300E+02 
2.0985E+02 
2 . 1689E+02 
2 . 24l2E-t-02 
2.3154E+02 
2 . 3915E+02 
2. 4696E+02 
2 . 5496E+02 
2 . 63I8E+02 
2 . 7160E+02 
2 . 8023E+02 
2 . 8908E+02 
2 . 9815E+02 
3 . 0744E+02 
3.1696E+02 
3.2671E+U2 
3 . 3670E+02 
3 . 4692E+02 
3.5739E+02 
3 . 6810E+02 
3. 7906E+02 
3 . 9028E+02 
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TABLE  B.lc  (Continued) 


Radiance 


Apparent  Temperature  °K 


4.0175E+02  314 
4.1349E+02  315 
4 . 2549E3 02  316 
4. 3777E+02  317 
4 . 5032E+02  318 
4 . 6315E+02  319 
4 . 7626E+02  320 
4 . 8966E+02  321 
5. 0335E+02  322 
5. 1733E+02  323 
5 . 3162E+02  324 
5 . 4621E+02  325 


yim 


TABLE  B. Id  RADIANCE  FROM  8.0  -  13.5  MICRONS  IN  MICROWATTS/ (cm^ 


1  .. 


I. 


I 


Radiance 


Apparent  Temperature 


3.3578E+03 
3 . 4194E+03 
3 . 4816E+03 
3 . 5445E+03 
3.6081E+03 
3 . 6725E+03 
3. 7375E+03 
3 . 8033E+03 
3.8697E+03 
3. 9369E+03 
4 .  0048E+03 
4 . 0734E+03 
4 . 1428E+03 
4 . 2128E+03 
4.2836E+03 
4.3551E+03 
4 . 4274E+03 
4.5003E+03 
4 . 5740E+03 
4.6484E+03 
4 . 7236E+0? 
4. 7995E+03 
4 . 8761E+03 
4 . 9534E+03 
5.0315E+03 
5 . 1103E+03 
5 . 1899E+03 
5 . 2702E+03 
5 . 3512E+03 
5 . 4330E+03 
5 . 5135E+03 
5.5987E+02 
5 . 6827E+03 
5.7675E+03 
5 . 8529E+03 
5 . 9391E+03 
6 . 9261E+03 
6 . 1138E-HJ3 
6. 2023E+03 


275 

276 

277 

278 

279 

280 
281 
282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 


h 


.  sr) 
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TABLE  B.ld  (Continued) 


Radiance  Apparent  Temperature  °K 


6.2915E+03 

314 

6.3814E+03 

315 

6. 4721E+03 

316 

6. 5636E+03 

317 

6.6557E+03 

318 

6. 7487E+03 

319 

6.8424E+03 

320 

6.9368E+03 

321 

7.0320E+03 

322 

7.1279EH-03 

323 

7. 2246E+03 

324 

7. 3220E+03 

325 

f  H 


( 


>7«im 


h-mad" 


TABLE  R,le  RADIANCE  FROM  8.0  -  14.0  MICRONS  IN  MICROWATTS/ (cm  .  sr) 


y  . 


m 


L 


Radiance 


0 . 30190E+04 
0. 30773E+04 
0. 31 362E+04 
0. 31959K+04 
0 . 32562E+04 
0. 33.173E+04 
0. 33792E+04 
0. 344 17 K+04 
0.33049Er04 
0. 35689K+04 
0. 36336E+04 
0.  36990K+04 
0.  37652K+04 
0.38321 K+04 
0. 38997E+04 
0. 39681 E+04 
0.403/2E+04 
0.  41070E+04 
0.41776E+04 
0. 42490E+04 
0. 43210E+04 
0. 43938E+04 
0.44674E+04 
0.4541 7 K+04 
0.46168K+04 
0. 469268+04 
0.47691 K+04 
0.48465E+04 
0. 49245E+04 
0.50034K+04 
0. 50829E+04 
O.51633K+04 
0. 52444E+04 
0. 53263E+04 
0. 54089E+04 
0. 54923E+04 
0. 55764E+04 
0.566) 3E+04 
0.5747  OK+04 


Apparent  Temperature  °K 


2b5 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 
281 
282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 
29  3 

294 

295 

296 

297 

298 


299 

300 

301 

302 
30  3 
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TABLE  B.le  (Continued) 


Radiance 


Apparent  Temperature  °K 


0. 58334E+04 

304 

0.59206E+04 

303 

0. 60086E+04 

306 

0. 60974E+04 

307 

0. 61869E+04 

308 

0.62772E+04 

309 

0. 63682E+04 

310 

0. 64600E+04 

311 

0.65526E+04 

312 

0 . 66460E+04 

313 

0. 67401E+04 

314 

0. 68350E+04 

315 

0. 69306E+04 

316 

0. 70271E+-04 

317 

0.71 243E+04 

318 

0. 7  2223E+04 

318 

0. 73210E+04 

320 

f  it"  IsUri'l  vlf  '  "  H  ■  !  lil  ■  l-J i ;li ,:Jj j'ii I  ''  >r  .ij,jii;,ii 1 : 1  ■  .-1 1 ' ! ■  -i  .  li]|)liliiijjjl|.jj o| 
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TABLE  B. If  RADLANCE  FROM  9.0  -  11.4  MICRONS  IN  MICROWATTS/ (cm"  •  sr) 


Radiance 


0.141 13H-Mj4  271 

0.14388E+04  272 

0.14667E+04  273 

0.14949E-LO4  274 

0 . 15234E-<-04  275 

0 . 15522K+04  276 

0 . 15815KH  04  277 

0. 16110K+04  278 

0.16409E+04  279 

0. 1671 1E+04  280 

0.1701 7 E+04  281 

0.17326E+04  282 

0.17638E+04  283 

C.17954E+04  284 

0. 18273E+04  281 

O.L8596E+04  286 

0 . L8922E+04  287 

0 . 1 9252E+04  288 

0 . 3  9585K+04  289 

0.19922E+04  290 

0  20262E+04  291 

0 . 20606E+04  292 

0.20953E+04  293 

0.21 304K+04  294 

0.21 658E+04  295 

0 . 22016E+04  296 

0 . 22377F+04  29 1 

0.22742E+04  298 

0. 23110E+04  299 

0. 23482E+04  300 

0. 23857E+04  '•Ol 

0. 24236i:+04  30? 

0. 24618E+04  303 

0.25004E+04  3U4 

0.25393E+04  305 

0.25786E+04  306 

0. 26183E+04  307 

0. 26583H+04  308 

0 . 26987E+04  309 

0 . 27  394E+04  310 

0 . 2 7 80 4 E+04  311 


B-19 


TABLE  B.lf  (Continued) 


Radiance 


0 . 282 19E+04  312 
0. 28637E+04  313 
0. 29058E+04  314 
0.29483E+04  315 
0- 29912E+04  316 
0 . 30344E+04  317 
0. 30779K+04  318 
0.3121 9E+04  319 
0 . 31661K+04  320 
0. 32108E+04  321 
0.32558K+04  322 
0. 33011E+04  323 
0. 33468ET04  324 
0. 33929E+04  325 
0. 34393E4-04  325 
0. 34861E+04  327 
0. 35332E+04  328 
0. 35807E+04  329 
0. 36286E+04  330 
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TABLE  B.lg  RADIANCE  FROM  9.3  -  11.7  MICRONS  IN  MICROWATTS/ (cm2  •  sr) 


Radiance 

Afiparent  Temperature  "K 

1. 5292F.+03 

275 

1 .5574E+03 

276 

1. 5859FM03 

277 

1. 6147E+03 

273 

1.6438E+03 

279 

1.6733E+03 

280 

1. 7030F.+03 

281 

3 . 7331E+03 

282 

1.7635E+03 

283 

1 . 7942E+03 

28A 

1 . 8253E+03 

285 

1..8566E+03 

286 

] . 8883E+03 

287 

1.9203E+03 

288 

1 . 9526E+03 

289 

1.9853E+03 

290 

2 . 0182E1  03 

291 

2.0515E+03 

292 

2 . 0852E+03 

293 

2 . 1191E+03 

29A 

2 . 153AE+03 

295 

2. 1879K+03 

296 

2. 2229E+03 

297 

2. 2581E+03 

298 

2. 2937E+03 

299 

2 . 3296E+03 

300 

2. 3658E-1-03 

301 

2. A023E+03 

302 

2. A392E+03 

303 

2. A76AE+03 

30A 

2 . 5139K+03 

305 

2 . 5517E+0 3 

306 

2 . 5899E+03 

307 

2.628AE+03 

308 

2 . 6672E+03 

309 

2 . 7064E+03 

310 

2 . 7459E+03 

3]  1 

2 . 7857E+03 

3]  2 

2.8238K+03 

313 

I 
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TABLE  B.lg  (Continued) 


Radiance 


Apparent 


Temperat 


tin3 


2. 8663E+03 
2. 9070F.+03 
2 . 9482E+03 
2 . 9896E+03 
3 . 0314E+03 
3 . 0734E+03 
3 . 1159E+03 
3 . 1586E+03 
3 . 2017E+03 
3 . 2450E+03 
3 . 2888E+03 
3 . 3328E+03 


314 

315 

316 

317 

318 

319 
32u 

321 

322 

323 

324 

325 
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255 


(B-15) 


T(Vt)  -  T(0) 

N  =  T (  2  5 5)  -  iW 

where  T  is  the  temperature  versus  bin  value  array  with  T(\0  equal  to 
the  temperature  corresponding  to  bin  value  V^.  The  "mult"  and  "add" 
factors  for  rue  thermal  channels  are  then  taken  as 


KULT  = 


T(255)  -  T(0) 


(B-lb) 


ADD  =  T  (0) 


The  calibration  program  allows  for  "average"  or  "line-by-line" 
calibration  of  the  thermal  channels  as  it  did  for  the  reflective  IR 
channels.  Because  of  the  amount  of  computation  required  to  set  up  the 
temperature  versus  bin  value  array,  only  one  such  array  is  generated 
using  the  scene  average  values  of  V„,  V.  ,  and  V  in  Equation  B-13.  If 
an  "average"  calibration  is  used  this  array  directly  relates  data  bin 
values  (V  )  to  temperature  and  Equation  B-15  is  used  dir  ctly.  However, 
if  a  "line-by-line"  calibration  is  required  the  data  bin  values  must  be 
modified  so  that  B-13,  using  scene  average  values  of  V  ,  V  ,  and  V  , 
gives  the  correct  radiance.  The  modification  of  the  data  bin  values 
is  done  in  the  same  way  as  for  the  reflective  IR  channels  using  Equation 
B-6.  In  this  case,  the  "mult"  factors  are  given  by  eW  or  eW  and  the 
"add"  factors  by  the  first  two  terms  of  Equation  4-13  or 

ADD  =  L^B  +  W  [(1  -  a)  VA  - 

tj  n  _  _ .  _ 

ADD  =  I-c  +  W  [  (1  -  a)  VA  -  VC1 

To  avoid  round-off  errors  the  values  le-trmined  from  B-6  are  not  rounded 
to  the  nearest  integer  but  taken  as  floating  point  numbers  and  interpola¬ 
tion  in  the  T(V,  )  array  is  used  to  determine  the  temperature.  This 

i. 

temperature  is  then  used  in  place  of  T(V  )  in  Equation  B-15  to  evaluate 

the  calibra*-ea  integer  value. 
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In  a  typical  data  set  both  thermal  and  reflective  IR  channels  are 
present  so  that  both  of  the  above  procedures  are  used  in  generating  a 
calibrated  image  tape. 


B. 3  CORRECTIONS  FOR  OVERLAP  AND  UNEQUAL  FIELDS  OF  VIEW 


Since  the  detectors  used  in  the  various  channels  (wavelength  regions) 
vary  in  size  and  consequently  in  instantaneous  field  of  view,  direct  com¬ 
parisons  of  the  channels  is  not  possible  unless  the  fields  of  view  are 
normalized  in  some  fashion.  A  second,  although  lc.ss  critical,  problem 
is  that  depending  on  the  aircraft  altitude,  scan  lines  and/or  pixels 
may  be  highly  overlapped  resulting  in  oversampling  of  the  scene.  Both 
of  these  problems  were  corrected  at  the  time  the  data  was  calibrated  by 
averaging  the  scan  lines  (and/or  pixels)  of  the  smaller  f icld-of -view 
channels  and  generating  an  equivalent  scan  line  (and/or  pixel)  with  a 
field  of  view  equal  to  the  largest  field  of  view.  This  procedure  must 
be  carried  out  separately  for  scan  lines  and  pixels  within  a  scan  line 
since  the  fields  of  view  and  the  data  taking  rates  are  different  in  these 
two  dimensions.  In  the  following  discussion  only  scan  line  averaging  will 
be  discussed  since  pixel  averaging  is  completely  analogous. 


As  outlined  in  Section  B.l,  the  averaging  procedure  consists  of 
setting  up  a  set  of  contiguous  output  lines  with  a  field  of  view  equal 
to  the  largest  field  of  view  (D)  and  then  combining  the  smaller  field- 
of-vlew  (d)  scan  lines  to  generate  equivalent  lines  with  fields  of  view 
D.  As  shown  in  Figure  B.l,  the  combining  of  scan  lines  is  accomplished 
using  a  weighted  average  given  by 


V 


k 


iFk.ivt 


(B-17) 


where  is  the  k^1  output  line  data  value  for  a  given  pixel,  the 

input  line  data  value  for  the  same  pixel,  and  F,  „  the  overlap  be- 

K.,  X, 

tween  input  line  fc  and  output  line  k.  Since  the  overlap  will  be  non¬ 
zero  only  for  a  small  number  of  lines  about  the  output  line,  F^  ?  need 
only  be  calcula  ed  for  a  few  values  of  L  A  general  expression  for  the 
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itfiMtof! 


overlap  is  determined  by  considering  the  displacements  of  the  scan  lines 
from  the  beginning  of  the  scene.  The  displacement  to  the  bottom  of  input 
scan  line  2.  is  given  by 


(2  -  1)  v  x  + 
a 


(D  +  d) 


(B-18) 


where  v  is  the  aircraft  ground  velocity  and  t  the  scan  period.  The 
second  term  in  this  equation  is  included  since  the  smaller  field  of  view 
(d)  is  concentric  with  D  in  scan  line  1  and  consequently  has  an  initial 
displacement  (to  the  bottom  of  the  scan  line)  given  by 


(D  -  d)  (D  +  d) 
2  2 


(B-19) 


As  shown  in  Figure  B.2,  the  overlap  between  input  line  2  and  output  line 
k  is  then  given  by 


Y  =  (2  -  l)v  x  +  — -d—  -  (k  -  1)D 

a  2 

so  that  the  percent  overlap  (y/d)  or  overlap  factor  F  is 

K  y  X/ 


(B-20) 


,,t  "2  t1  J-i]  -T  <"  -  1):>  -  -  l)  V 


(B-21) 


with  the  constraints 

Fk, 2  1  lf  Fk, 2  -  1 

Pk,l+0  “  Fk,2l° 

The  absolute  value  appears  in  thi  .  equation  t.u  account  for  cases  where 
the  bottom  of  the  input  line  has  a  greater  displacement  than  that  of  the 
output  line.  It  may  be  seen  that  the  relai ionsnip  between  k  and  2  is 


(k  -  1)  =  Integer  Value  of  1(2-  1) 


(E- 22) 


b-2  5 


EMATIC  CF  DISPLACEMENTS  USED  TO  DERIVE  THE  OVERLAP  FACTORS 


<k* 


These  overlap  factors  are  then  used  in  Equation  B-17  to  generate 
the  equivalent  output  lines.  Sine.e  in  genera]  the  scan  lines  ^or  the 
largest  f ield-of-view  channel  are  themselves  overlapped,  this  procedure 
is  used  to  average  these  lines  as  well  so  ".hat  a  contiguous  set  of  out¬ 
put  lines  is  obtained  in  all  channels.  In  this  case,  the  same  equations 
are  used  but  d  is  equal  to  D. 
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GLOSSARY 


HUM!  or  HUME1  -  Overall  Port  Hueneme,  CA  Scene 

HUM2  or  HU]ME2  -  Specific  region  of  Port  Hueneme,  CA  area 
exhibiting  sun  glint  on  water 

1F0V  -  Instantaneous  Field  of  View 


NEVB 

NEVF 

NEVG1  or  NVG1 
NEVT. 

NF.VM 

NEVN 


Mountainous  Terrain  Scene  from  Nellis  AFB, 


NV 


NEVC  or  NEVC1  i 

NEVH1  or  NVHl  2  Desert  Terrain  Scene  from  Nellis  AFB,  NV 
NEVL  ) 


XXXV 


DISTRIBUTION  LIST 


Commander,  Code  57 54 
Naval  Research  Laboratory 
Washington,  D.C.  20375 
Attn:  Dr.  E.M.  Alexander 

Institute-  for  Defense  Analysis 
AGO  Arm> -Navy  Drive 
Arlington,  VA  22202 
Attn:  L.  Biherman 

Naval  Air  Development  Center 

Code  3011 

Warminster,  PA 

Attn:  Mr.  Alan  B 1  union t ha  1 

David  Taylor  Naval  Ship  R<s<D  Center 
Annapolis  Lab,  Code  2813 
Annapolis,  MD  21403 
Attn:  R.  Burns 

Commander,  Code  AIR  53631 F 
Naval  Air  Systems  Command 
Rm  822  .IP2 

Washington,  D.C.  20361 
Attn:  D.  Caldwell 

Commander,  Code  AIR-5333 
Naval  Air  Systems  Command 
Washington,  D.C.  20361 
Attn:  E.  Cosgrove 

AIL,  Division  of  Cut t<*r-Hanmer 
Melville,  Long  Island,  NY  11746 
Attn:  A.d.  DiNardo 

Commander,  Code  0141 
Pacific  Missile  Test  Center 
l’t.  Mugu,  CA  93042 
Attn:  C.  ElLiott 

Air  Force  Geophysics  Eab  (OFA) 
tianscom  Air  Force  Base 
Bedford,  MA  G1730 
Attn:  R.  Fenn 


Scientific  Technology  Assoc.,  Inc. 

ON  5203 

Princeton,  NJ  08540 
Attn:  Stokes  Fishburn 

Sy- terns  Planning  Corporation 
2500  Wilson  Blvd. 

Arlington,  VA  22209 
Attn:  Daniel  Friedman 

Commander ,  AFATL/DLMT 

Kglin  Air  Force  Base,  Florida  32542 

Attn:  Mach  Gay 

Commander,  Code  03T22 
Naval  Material  Command 
Washington,  D.C.  20360 
Attn:  R.  Gaylord 

Commander,  Code  EL EX  03G 
Naval  Electronic  Systems  Command 
Washington,  D.C.  20360 
Attn:  R.  Golding 

Commander,  DEEAS-EO-MO 
Atmospheric  Sciences  Eab  (ERADC0M) 
White  Sands  Missile  Range,  NM  88022 
Att.n:  T.  Hall 

Commander,  Code  NSWC-213 
Naval  Surface  Weapons  Center-White  Oak 
Silver  Spring,  MD  20910 
Attn:  A.  HirsLman 

institute  for  Defense  Analysis 
400  Arinv-Navy  Drive 
Arlington,  VA  22202 
Attn:  W.  Holzer 

Commander ,  DRDM I -TEJ 
U.S.  Army  Missile  Research  & 
Laboratory,  Advanced  Sensors 
Di  reel  orate 

Bedstone  Arsenal,  Alabama  35809 
Attn:  H.T.  Jackson 


xxxvii 


DISTRIBUTION  LIST  (Coat.) 


Commander ,  ('.ode  08T2?’.l 
Naval  Material  Command 
Washington,  D.C.  20360 
Attn:  S.  Jacobson 

Commander ,  Code  3941 
Naval  Weapons  Center 
China  Lake,  CA  93555 
Attn:  D.  Rummer 

Environmental  Research  Institute. 

of  Michigan 

P.0.  Box  8618 

Ann  Arbor,  Michigan  48107 

Attn:  R.  l.egault 

Commander,  Code  1409 
Naval  Research  Laboratory 
4555  Overlook  Ave.  S.W. 

Washington,  D.C.  20.375 
Attn:  .1.  Mao.Callum 

Commander,  Code  AIR-03P2 
Naval  Air  Systems  Command 
Washington,  D.C.  203t>l 
Attn:  J.  Malloy 

Commander,  Code  1253 
Pacific  Missile  Test  Center 
Pt.  Mugu,  CA  93042 
Attn:  Gary  Mathews 

Air  Force  Geophysics  Lab/OPi/STOP  30 
Han scorn  Air  Force  Base 
Bedford,  MA  01730 
Attn:  R.  Me.Clat.chey 

Director,  Code  DRSEL-NV-VI 
Night  Vision  Electro-Optical  Lab 
Fort  Bel vo i r ,  VA  22060 
Alia:  R.  Moulton 

ODDR&E  (EPS),  Room  3D1079 
Pen) agon 

Washington,  D.C.  20301 
Attn.  E.  Myers 


Commanding  Officer,  N1SC-50 
Naval  Intelligence  Support  Center 
4301  Suit  land  Rd 
Washington,  D.C.  20390 
Attn:  Robert  Nelson 

Commander,  Code  PME-107 
Naval  Electronic  Systems  Command 
Washington,  D.C.  2036D 
Attn:  J.  Obrinn 

Chief  of  Naval  Opt  .,.  ati  ons-l’cntagcm 

Washington,  D.C.  20350 

AtLn:  CART.  L.E.  Pollock,  USD, 

Coda  CNO-932F3 

Aeronautical  Research  Associates 
of  Princeton 
50  Washington  Hoad 
Princeton,  N.J.  08540 
Attn:  H.  Pergament 

C  omnia  nd  e  r ,  PMA  -  2  6  2 

Naval  Air  Systems  Command  Headquarters 
Jefferson  Plaza 
Arlington,  VA  22212 
Attn:  CDR  James  H.  Quinn 

Commander,  Code  532T 
Naval  Ocean  Systems  Center 
San  Diego,  CA  95152 
Attn:  J.  Richter 

Commander,  Code  PME-107-52 
Naval  Electronic  Systems  Command 
Washington,  D.C.  20380 
Attn:  A.  Ritter 

Comtnandi  rg  Officer,  N  I  SC-40 
Naval.  Intelligence  Support  Center 
4301  Suit land  Rd 
Washington,  D.C.  20390 
Attn:  Mr.  Perry  Roberts 


XXXVlll 


. . u, . . ...ijjJiMHktWi 


DISTRIBUTION  LIST  (Cont.) 


Terim 


SWl.  Division 

General  Research  Corp. 

795-6  Jon;  Branch  Drive 
Me  1. can  ,  VA  22101 
Attn:  Russ  Rollins 

Sperry  Gyroscope  Company 
Mail  Station  B-16 
Great  Neck,  N.Y.  10  020 
Attn:  Irving  Rotl> 

Commander ,  Code  8320 
Naval  Research  Laboratory 
Washington,  i).C.  20375 
Attn:  L.  Kuhnkc 

Commander,  AKAu/WRl’-l 

Wright  Pat terson  Air  Force  Base, 

Oiiio  4  3 433 

Attn:  Dr.  Richard  Sanderson 

Air  Force  Geophysics  Lab-OPR/STOP  30 
Han scorn  Air  Force  Base 
Bedford,  MA  01730 
Actn#  B.  Sand  ford 

Commander,  Code  AIR-370 
Naval  Air  Systems  Command 
Washington,  D.C.  20361 
Attn:  M.  Schaefer 

Research  Dept,  Grumman  Aerospace  Corp. 
588/35  Bethpage,  NY  11714 
Attn:  John  Selby 

Nm'thrup  Coi  porat  ion 
Aircraft  Group 
3901  W.  Broadway 
Hawthorne,  CA  90250 
Attn:  Lloyd  Tanabe 

Commando',  ATR-360K 

Naval  Air  Systems  Command 
JP  Building  //I 
Arlington,  VA  20360 
Attn:  V.A.  larul j  s 


Commander,  Code  NAVSEA-03 
Naval  Sea  Systems  Command 
Washington ,  D.C.  20362 
Attn:  T.  Tasaka 

Chief  of  Naval  Operations-Pentagon 

Washington ,  D.C.  20350 

Attn:  L.  Triggs,  Code  CNO-35E 

ASNRE&S 

Office  of  Asst  Secretary  of  the  Navy 
Pentagon,  5  E  813 
Washington,  D.C.  20350 
Attn:  Dr.  Hubert  Wang 

Commander,  Code  AIR-5332 
Naval  Air  Systems  Command 
Washington,  D.C.  20361 
Attn:  W.  Whiting 

Commander,  Code  390^2 
Naval  Weapons  Center 
China  bake,  CA  93555 
Attn:  Dr.  L.  Wilkins 

Institute  for  Defense  Analysis 
400  Army-Navy  Drive 
Arlington,  VA  22202 
Attn:  Hans  Wolf hard 

Defense  Advanced  Research 
Projects  Agency 
1400  Wilson  Blvd . 

Arlington,  VA  22209 
Attn:  S.  Zakanyca 

Commander,  Code  0b 
Naval  Material  Command 
Washington,  D.C.  20360 

High  Energy  Laser  Program,  PM-22 
Washington,  D.C.  20360 


xxxix 


